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TECHNICAL FIFI n 
The present invention relates to novel enzyme variants useful in a variety 
of cleaning compositions, and the genes encoding such enzyme variants. 
BACKGROUND 

Enzymes make up the largest class of naturally occurring proteins Each 
class of enzyme generally catalyzes (accelerates a reaction without being 
consumed) a different kind of chemical reaction. One class of enzymes known 
as proteases, are known for their ability to hydrolyze (break down a compound 
into two or more simpler compounds with the uptake of the H and OH parts of a 
water molecule on either side of the chemical bond cleaved) other proteins This 
ab.l.ty to hydrolyze proteins has been taken advantage of by incorporating 
naturally occurring and protein engineered proteases as an additive to laundry 
detergent preparations. Many stains on clothes are proteinaceous and wide- 
specificity proteases can substantially improve removal of such stains 

Unfortunately, the efficacy level of these proteins in their natural bacterial 
environment, frequently does not translate into the relatively unnatural wash 
env.ronment. Specifically, protease characteristics such as thermal stability pH 
stability, oxidative stability and substrate specificity are not necessarily optimized 
for utilization outside the natural environment of the enzyme. 

The amino acid sequence of the protease determines the characteristics 
of the protease. A change of the amino acid sequence of the protease may alter 
the properties of the enzyme to varying degrees, or may even inactivate the 
enzyme, depending upon the location, nature and/or magnitude of the change in 
the amino acid sequence. Several approaches have been taken to alter the 
wild-type amino acid sequence of proteases in an attempt to improve their 
properties, with the goal of increasing the efficacy of the protease in the wash 
environment. These approaches include altering the amino acid sequence to 
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enhance thermal stability and to improve oxidation stability under quite diverse 
conditions. 

Despite the variety of approaches described in the art, there is a 
continuing need for new effective variants of proteases useful for cleaning a 
variety of surfaces. 

Objects of the Present Invention 
It is an object of the present invention to provide subtilisin enzyme 
variants having improved hydrolysis versus the wild-type of the enzyme. 

It is also an object of the present invention to provide cleaning 
compositions comprising these subtilisin enzyme variants. 

SUMMARY 

The present invention relates to subtilisin BPN' variants having a modified 
amino acid sequence of wild-type BPN' amino acid sequence, the wild-type 
amino acid sequence comprising a first loop region, a second loop region a 
third loop region, a fourth loop region and a fifth loop region; wherein the 
modified amino acid sequence comprises different amino acids than that 
occurring in wild-type subtilisin BPN' (i.e., substitution) at specifically identified 
positions in one or more of the loop regions whereby the BPN' variant has 
decreased adsorption to. and increased hydrolysis of, an insoluble substrate as 
compared to the wild-type subtilisin BPN'. The present invention also relates to 
the genes encoding such subtilisin BPN' variants. The present invention also 
relates to compositions comprising such subtilisin BPN' variants for cleaning a 
variety of surfaces. 

DESCRIPTION! 

I- Subtilisin Variants 

This invention pertains to subtilisin enzymes, in particular BPN', that have 
been modified by mutating the various nucleotide sequences that code for the 
enzyme, thereby modifying the amino acid sequence of the enzyme The 
modified subtilisin enzymes (hereinafter, "BPN' variants") of the present 
invention have decreased adsorption to and increased hydrolysis of an insoluble 
substrate as compared to the wild-type subtilisin. The present invention also 
pertains to the mutant genes encoding for such BPN' variants. 

The subtilisin enzymes of this invention belong to a class of enzymes 
known as proteases. A protease is a catalyst for the cleavage of peptide bonds 
One type of protease is a serine protease. A serine protease is distinguished!* 
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the fac uhat there is en essentia, serine residue at the active site 

seem plausible that for surface bound substrates 7ul » 

s -nycieaningapp.ications.therateofh.dro h 
surface concentration Thi* u / 'ncrease with increasing 

Hydrolysis by Pro,ea s Ts a . the P , * ^ B "" r - " Ca,al ^ * 

so™. B^r;:^ , oT? ; in h polymer 

P. 464 f199P^ c,^- • , '• woaa and D. N. Rubmgh, Elsevier 

concentration of enzyme .othe^ce 3 h * her 

re 9 ions. ^S^^r ^ ^ 
107 form the seconri 0p re9,on : Positions 95- 

positions C° nS 126 " 133 ^ tWrd '°° P ^ 

'oop region; and ^^ToTT**™ ^ "» * 
numbering analagous toTosit ons f n th T "* '°° P re9ton 

subtiNsinSP^fSEQID NO IH "* ** 
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It believed that these loop regions play a significant role in the adsorption 
of the enzyme molecule to a surface-bound peptide, and specific mutations in 
one or more of these loop regions will have a significant effect on this 
adsorpt,on. While not wishing to be bound by theory, It is believed that the loop 
regions are important to the adsorption of the BPN' molecule for at least two 
reasons. First, the amino acids which comprise the loop regions can make close 
contacts with any surfaces to which the molecule is exposed. Second the 
proximity of the loop regions to the active-site and binding pocket of the BPN' 
molecule gives them a role in the catalytically productive adsorption of the 
enzyme to surface-bound substrates (peptides/protein soils). 

As used herein, "variant" means an enzyme having an amino acid 
sequence which differs from that of wild-type. 

As used herein, "mutant BPN' gene" means a gene coding for a BPN' 
variant. 

As used herein, "wild-type subtilisin BPN'" refers to a subtilisin enzyme 
represented by SEQ ID NO:1. The amino acid sequence for subtilisin BPN* is 
further described by Wells, J. A., E. Ferrari, D. J. Henner, D. A. Estell and E Y 
Chen Nucleic Acids Research, Vol. II, 7911-7925 (1983), incorporated herein 
by reference. 

USGd herein> the t6rm "^yP 6 amin ° ^id sequence" encompasses 
SEQ ID NO:1 as well as SEQ ID NO:1 having modifications to the amino acid 
sequence other than at any of positions 59-66, 95-107, 126-133 154-167 187 
191 and 199-220. ' 

As used herein, "more hydrophilic amino acid" refers to any other amino 
acd having greater hydrophilicity than a subject amino acid with reference to the 
hydrophilicity table below. The following hydrophilicity table (Table 1) lists 
ammo acids in descending order of increasing hydrophilicity (see Hopp TP 
and Woods, K.R., "Prediction of Protein Antigenic Determinants from Amino Acid 
Sequences", Proceedings of the National Academy of Science USA Vol 78 
pp. 3824-3828, 1981 , incorporated herein by reference). 
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Table 1 



Amino Acid 


Hv/HmnHilii-Mfw v/ n i. . ~ 


Trp 


-3.4 


Phe 


-2.5 


Tvr 


-2.3 


Leu. lie 


-1.8 


Val 


-1.5 


Met 


-1.3 


Cvs 


-1.0 


Ala. His 


-0.5 


Thr 


-0.4 


Pro. Gly 


-0.0 


Gin. Asn 


0.2 


Ser 


0.3 


Arg-*-, Lys + , Glir, 


3.0 


Asp- 



carry a charge (this 
The positively charged 



indicates which amino acids 
character*.* being based on a pH of from about 8-9). , „„ pos ,„ vely 
amine > ac,ds are Arg and Lys. the negatively charged amino acids are ZlZ 
Asp. and the rema,n,ng amino adds are neutral. In a preferred embodiment 0 f 
me present .nvention, the substituting amino acid is either neutra. or nega^y 
charged, more preferably negatively charged (i.e., GIu or Asp) 

man, HT^' ^ *" " SUbS ' i,U,e Gln with a " ^"elly or 

more hydroph.l.c am,no acid which is neutra, or has a negative charge" mean" 

GIu or Asp (wh,ch are more hydrophilic than Gin); each of which are neutral or 
have a nega„ve charge, and have a greater hydrophllicity value as compared to 
h ewise ' lhe cement "substitute Pro with a more hydrophilic amfco ac d 

mnH-r h embodinlent «* ths invention, the BPN' variant has a 

modified am ,no acid sequence of wild-type amino acid sequence whenJr, he 
modfed amino acid sequence comprises a substitution a, one or motpo i "s- 

Bp7ZZI ; ** SeC ° nd ' "** f ° Urth ° r mh l0 °" re «ions; whereby he 
BPN vanant has deaeased adsorption to, and increased hydrolysis of an 
■nsoluble substrate as compared to the wild-type subtilisin BPN' 

in another embodiment of the present invention, the BPN' variant further 
compnses one or more substitutions to the sixth loop region. 
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ntZTr , " " eUtral ° f TO9a,iVely «*»»«» •»* equally or more 
hydrcphyl,,, preferably more hydrophylic, man .he amino acid a. the subi^c! 
position in the wild-tvoe amino ariri me subJect 



position in the wild-type amino acid sequence 

A Substitution- i n the First I r,n r P-,i~, 



When a substitution occurs in the first loop region the substit.tinn 
at one ormore of positions 59. 60, 61, 62 63 65 or £ S '" U "° n ° CCUrS 

-o Asn, AsTrortr 0 " ^ " ^ * ~* «*» - * 

When a substitution occurs a. position 60, the substituting amino acid is 

Asp, G rror?er tan occurs at posi,ion 61 ' - — — «* i S 

5 asp, G ^;;; s r ion occurs at posi,ion 62 < ,he • — - * 

Asp or^u" 3 SUbSUtU,i0n OCCUrS * P0Siti ° n 63 ' ' he amino acid is 

■ Asn, zztsz?™ at pa * B * ,he s — 9 - - 

Asn, As^ ot^ooTser a ' * - ^ " 9 — - " 

B Subs titutions in the SftmnH Loop Rpg inn 

When a substitution occurs in the semnH 

Asn, 31 P0SiU ° n " SUbS ' i,U,in9 ^ - * 

as, s:*^: - — - > 

When a substitution occurs a. position 99, the substituting amino acid is 
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Glu. 



Asn, ^ SKST" 3t POS " i0n 10 °' ' he — — ac id „ 

. asp w r n a subs,itu,ion -« - « »«. - — ng amino add is 

Asn. AsT^ Cr^r a ' P0Sifon 1 ° 2 ' ^ — acid „ 

Asn, ° CCUrS a ' P0Siti0 " 1 ° 3 ' - — «*» acid , s 

,0 ^'sr^iri!!: , ?- 1 , !r subs,itu,in9 - * 

When a substitution occurs a fp | ton ^os i h ^ !*' 
Asp or Glu. P S '" 0n 105 ' the substituting amino aci d is 

Val. Vl H,S " ,,e ' Leu - Me *> Phe, Pro, Ser, Thr, Tyr or 

When a substitution occurs in the thiM 
occurs atoneormoreofposiUons - «-**n 

Asn, £Zt * P0Si ' i0n 128 ' ^ — « is 

Asn, Co; a au b 1! y Tsr rS a ' P ° Si,i0n 129 ' — *» -no acid is 
Asp or gT 8 SUbS ' i,U,i0n «« - P—" m substitute amino acid is 

Asn, ^SS^^T * P ° Si,i0n W - - — in. amino aci d is 
Asp or T 3 SUbS ' i,U,i0n — a ' P ° Si,i0 " «■ f — n 3 amino acid is 
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D ' Substitutions i n the Fnnrth I D^ ; - n 

16Tl^;65,°6SoM;; POS ' ,,0nS 15S ' 156 ' 1S? ' 158 ' 1S * 1 «>. 161. 162, 

as, c^crr/er ■ posiuon ,m ' me — *« «*» - » 

• Asp, 0^0^"°" ° CCUrS a ' P ° Si,i0n ,55 ' «" — «* — - ^ 
When a substitution occurs a. position 156, the substituting amino acid is 

ash, xztszzzr * posi,ion 1S7 ' - *■ — - * 

Asn. CXZSXZZ* - — — acid is 

Asp or Q u e " 8 SUbS ' i,Uti0n ^ * P ° Si,i0n 159 ' ,he "*•««*« amino acid is 

ash, ~r s r rs at position 16 °' ,he — — — - - 

Asp o r^r 3 SUbS,i " J,i ° n ° CCUrS * P0S " i0n 161 ' « he — amino acid is 

Asp or G^" 3 SUbStMOn 0CCUrS 31 P ° Si ' i0n 162 ' *• a-ino acid is 

Asp or^" 3 SUbSti,Uli ° n 0CCUrS 31 P0Sili ° n 163 ' »» amino acid is 
Asn, CXZSXZZ* — " - — amino « is 

-,Asrc a c^;:~ 

Asn, AsT^r r r s r rs at posiuon ^ ,he — 9 — - * 
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E - Substitution s in the Fifth Loop Rgg inn 

at one TZ' TT" ^ ^ '°° P substi,u,i ° n *»™ 

at one or more of positions 187, 188, 189 1 90or191 

Asn ^G^TT^ TV POsi,i ° n 187 ' ,he SUbSti,utin S ami "° - 
Msn, Asp, Gin, Glu, Gly, His, Pro, Ser and Thr 

Asp or^u en " SUbS " ,U,i0n ° C0UrS * P0SHiOn 188 ' ,hS SUbS,i,u,i "9 a ™° •« * 

A, a a T 3 „ SUbSti,U,i0n ocajrs at P«»«on 189, the substituting amino acid is 
Ala, Asr, Asp, Cys Gln, Glu, Giy, His, „e, Leu. Met, Pro, Ser, Thr, Tyror v" 

Asp or^T 3 S " ° CCUrS * P ° Siti0n 19 °' ' he SUbs,itu,ino a ™° «* * 

Asp orZT 3 SUbS ' i,U,i0n ° CCUrS a ' POSiti ° n 191 ' ' he SUbS,i,u,in 9 a ™° a *" - 
F Substitutions in the Rivth | OOD R eninn 

When a substitution occurs in the sivth „ • 

a ^"stitution occurs at position 205, the substituting amino acid for 
pos-tion 205 is Leu, Vai, Met. Cys, Aia, His, Thr, Pro, G,y, Gln , L, Ser, " p or 

po™: P :z Z7%;, 206 ' - — - » 

When a substitution occurs at position 207, the substituting amino acid for 
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position 207 is Asp or Glu. 

When a substitution occurs at position 208, the substituting amino acid for 
position 208 is Pro, Gly, Gin, Asn, Ser, Asp or Glu. 

- nncr W onT * * lJbStitUtion OCCurs at P ositi °» 209, the substituting amino acid for 
> posit,on 209 ,s lie, Val, Met, Cys, Ala, His, Thr, Pro, Gly, Gin, Asn, Ser, Asp or 

nn , t . ^ 3 substituti °n occun at position 210, the substituting amino acid for 
position 21 0 is Ala, Gly, Gin, Asn, Ser, Asp or Glu 

oositi^T 3 r S o tUti ° n ° CCUrS 3t P ° Siti0n 21 1 ' the SUbstitutin 9 ami ™ acid for 
position 21 1 is Ala, Pro, Gin, Asn, Ser, Asp or Glu. 

nn.it n^T " ^ bSt,tUti ° n ° CCUrs at P° sition ™> the substituting amino acid for 
position 212 is Gin, Ser, Asp or Glu. 

oosition^T! r^'x ° CCUrS 3t POSiti ° n 213 ' the SUbStitUtin 9 amin ° «*« ^ 

zz 2 z::i: he ' Tyr - Leu - ,,e - vaf - Met - ^ * ^ ^ <*. 

When a substitution occurs at position 214, the substituting amino acid for 

a™;;:.^ Leu ' * *■ - » £ 

When a substitution occurs at position 216, the substituting amino acid for 
pos,t,on 216 is His, Thr, Pro, Gly, Gin, Asn, Ser, Asp or Glu 

When a substitution occurs at position 217, the substituting amino acid for 
Potion 217 is Leu, „e, Val, Met, Cys, Ala, His, Thr, Pro, Gly, Gln Asn, 

When a substitution occurs at position 218, the substituting amino acid for 
position 218 is Gin, Ser, Asp or Glu. 

position^ * r^ 00 ^ 31 P ° Siti0n 219 ' lhS SUbstitutin 9 a ™° acid for 
position 219 is Pro, Gin, Asn, Ser, Asp or Glu. 

nn , t . ^ o e n na ^ ubstitution °<*urs at position 220, the substituting amino acid for 
pos.tion 220 is Pro, Gly, Gin, Asn, Ser Asp or Glu. 
G Preparatio n of enzyme variants 

Example 1 
Mutant BPNl' r,Pn« 
A phagemid (pSS-5) containing the wild type subtilisin BPN' gene 
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n ^r"' ppm „ A We " S ' <1989) ' " Pr ° tein ° f disulfide Bonds 

r ' BlOCHEM ' STRY ' V01 - 28 ' PP- <*>™6> is transformed into 
te™,r ^ 7 CJ236 3 Sin9 ' e S,randed "acil-oontaining DNA 
5 Robert °1Z 7? USi " 9 VCSM13 hSlper pha " e « TA J-D 
nr, ( * Zak ° Ur ' " RaPid and effident Specific mutagenesis without 
pheno<^,c selection", Methods ,n Enzymology. VoI . 154, pp. 367-382 

s^-* Yuckenber9 ' pd - F wi,ne * j g *—£ «S 

vet* ^ D,R E ™ UT mU ' a9eneSiS USin9 and phagem* 

vectors , Directed Mutagenesis - A Practical Approach, ed M j McPherson 
> PP. 27-48, (1991); both o, which are incorporated herein by referenceT A s no"e 

*z It? re ~ 9enesis modffica,ion of the ™*°« <* -2 

deri^d " $mi,h ' " 0li 9° n " de °' i *^^cted mutagenesis using M13- 
lain 9enera ' ProCSdUre ,or lhe •»«*«*» £ pc n, 

SSr^r 9ment ° fDNA " NUCLBCA ^^HSEARCH, Vol. 10, pp. 6487- 
6500, ( 982) , mcorporated herein by reference, is used to produce all mutanL 
*as,ca iy as presented by Yuckenberg, e, a,., 1991, above O.igonleotes 
are made using an App.ied Biosystem Inc. 380B DNA synthesizer Mutagens 
reaction products are transformed into E****. co/strain MM294 %ZZ 
Type c ulture c n E Col . 3362S) m mutan(s ^ < 

sequencng and the isolated DNA is transformed into the BaciUus sulm, 
expression strain BG2036 (Yang, M. Y., E. Ferrari and D J Henner (198^ 
X^ ng of , he Neutral Protease Gene of Bac» s subWis and t h "use'o ^ 
Ooned Gene to Create an /„ derived Deletion Mutation", Journa^ op 

with a frameshift-stop codon mutation at amino acid 217 is used to produce the 
urac, template. Oligonucleotides are designed to restore me proper « 

60. 61. 62, 63, 64, 65, 66; 95, 96, 97, 98, 99, 100, 101, 102, 103 104 105 106 
07; 126, 127, 128, 129 , 130, 131, 132, 133; 154, ,55, 156 157 « 59 » 
161, 162, 163, 164, 165, 166, 167; 187, 188, 189, 190 ,9V 99 200 20l' £ 
203, 204, 205, 206, 207, 206, 209, 210, 211, 212, 213, 214,' 215 ITe T,7 ITe 
219 and 220 (equimolar and/or variable mixtures of all four nucleotides for all 

reduce 3 7ta ^ MU,a,bnS ^ ** - frameshi« s o^and 

produce a functional enryme are identified by their ability to digest casein The 
random substitutions are determined by DNA sequencing 
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Example 2 
Fermentation 



The Saa/te S0 6« s cells (BE2036) containing a sub tilisin mutant of 
interest are grown ,o mid-log phase in a one liter cuUure of LB-gl ucose ^roW^and 
■noculated into a Biostat ED fermenter (B. Braun Biotech ^ T , 
Pennsylvania) in a total volume of 10 liters ThTSnZS , ' 

overnight a. 37X to an o, about 60 and ha ' ested "* ^ 



Example 3 
Purification 



The fermentation broth is taken through the followinq steos to nh* ai „ 
used to determine the total protein concentration tk! 

Protein ratio gives the enje P uri„ ^ J^T^ ,. 
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pooled for the stock solution. 

propylene XT££ ? T"" **» ^ °" ^ « 

5 purity of ,he stock enzyme solution is checked with SDS Sr p ? * *" 

sulfate poryacrvlamide oe, electrophores' T JZ Z JS??** 
concentration is determined via an active site titration L! H ^ 
inhibitor type ll-T turkev «v, „*•, T method usln 9 "yPS'n 

-P«^ - Ug h . 

remove the propylene olvmi an H u V) exc| usion column to 

c propylene glycol and exchange the buffer The mpq K llffo • 1U 

H Characteristic of enyy mo WQri _ t „ aiea at 25 C - 

Example 4 

Model Surfaro Preparatinn 

(F airr,e7Nrri™: d r a e 9,ass (cpg) p ~ «*» 

PNA substrate puZsed from BachemT £ "^'^ a " aChin9 ' he sAAPF " 
> carried out'in d^« a" l^^, ^7*" 
carbodiimide hydrochloride) (EDC) is J^.^*^* yl ^ )P,PW,, 
completion (monitored by pNA assay) tt,e el , P 9 ^ Upon 
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Inc. for the CPG as received. This suggests that the procedure used to add 
sAAPF-pNA to CPG does not damage the porous structure (mean diameter is 
486 A). 

Example 5 
Surface Hydrolysis Assay 
Using CPG:sAAPF-pNA, adsorption of an enzyme variant and hydrolysis 
of a CPG-bound peptide can be measured in a single experiment. A small 
volume of enzyme variant stock solution is added to a flask containing Tris buffer 
and CPG:sAAPF-pNA which has been degassed. The flask is shaken on a 
wrist-action shaker for a period of 90 minutes during which the shaker is stopped 
at various time intervals (for example, every 2 minutes during the early stages of 
adsorption hydrolysis - e.g.. the first 20 minutes - and every 10 minutes towards 
the end of the experiment). The CPG:sAAPF-pNA is allowed to settle and the 
solution is sampled. Both the experimental procedure and the calculation of the 
adsorption and hydrolysis are conducted as described by Brode et a/. 1992 
above. 

All enzymes are monitored for stability against autolysis and should show 
no appreciable autolytic loss over the time course of this experiment Therefore 
enzyme adsorption can be determined by measuring solution depletion The 
d.fference between the initial enzyme variant concentration and the 
concentration measured at each individual time point gives the amount of 
enzyme variant adsorbed. The amount of pNA hydrolyzed from the surface is 
measured by taking an absorbance reading on an aliquot of the sample at 410 
nm. The total amount of pNA hydrolyzed is calculated by adding the amount 
sampled and the amount remaining in the flask. This value is corrected by 
subtracting the amount of pNA that is hydrolyzed by Tris buffer at pH 8.6 when 
no enzyme is present. This base-hydrolysis ranges from 7-29% of the total 
hydrolysis depending on the efficiency of the enzyme. 

Example 6 
Soluble S ubstrate Kinetic Analy sis 
The rates of hydrolysis of the soluble substrate sAAPF-pNA are monitored 
by measuring the adsorbance increase as a function of time at 410 nm on a DU- 
70 spectrophotometer. The enzyme concentration is held constant and is 
prepared to be in the range of 6-10 nanomolar while the substrate concentration 
is varied from 90-700 \iM sAAPF-pNA for each kinetic determination An 
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adsorbance data point is taken each second over a period of 900 seconds and 
the data are transferred to a Lotus- spreadsheet (Lotus Development 
Corporation. Cambridge, Massachusetts). Analysis for kinetic parameters is 
conduced by me standard Lineweaver Burk anaiysis in which the data fn the 
.n, tl al par. of me run (generally the f,rs, minute) are fit to a linear regrJss on 

.o^dC 6 "^^ 

1 Example B PN' variants 

BPN' variants of the present invention which have decreased adsorption 
Ta^sZT* ° ,ySiS ° f b ° Und SUbStrat6S are -mpl^ ^ 

Lcun- nn ,T d6SCribin9 *" ^ ™™ acid 

occumng ,n w,ld-t ype is given first, the position number second and the 
substituted amino acid third. 

. TABLE 2 

Loop 1 - Single Mutation Variants 



Gln59Asn 
Gln59Asp 
Gln59Glu 
Gln59Ser 
Asp60Glu 
Asn61Asp 
Asn6lGln 
Asn61Glu 
Asn6lSer 
As n 62 Asp 
Asn62Gln 
Asn62Glu 
Asn62Ser 
Ser63Asp 
Ser63Glu 
Gly65Asn 
Gly65Asp 
Gly65Gln 
Gly65Glu 
Gly65Pro 
Gly65Ser 
Thr66Asn 
Thr66Asp 
Thr66Gln 
Thr66Glu 
Thr66Gly 
Thr66Pro 
Thr66Ser 



3 953001 OA 1_l_> 
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TABLE 3 

Loop 1 - Double Mutation Variants 
Gln59Ser + Asn62Glu 
Asp60Glu + Asn61Ser 
Asn61Glu + Asn62Ser 
Gln59Ser + Gly65Gln 
Asn61Gln + Gly€5Asn 
Asn61Ser + Asn62Asp 
Gln59Glu + Asn61Gln 
Asp60Glu + Gly65Gln 
Gln59Asp + Gly65Pro 
Asn61Asp + Gly65Asn 
Gln59Ser + Asn62Asp 
Gln59Asn + Gly65Gln 
Asn62Asp + Thr66Gly 
Gln59Asn + Asn62Glu 
Asn61Ser + Ser63Glu 
Gln59Ser + Asp60Glu 
Asp60Glu + Thr6 6Gln 
Asn61Glu + Thr66Gly 
Asp60Glu + Asn62Gln 
Asn62Gln + Gly65Pro 
Asn6lSer + Thr66Ser 
Asp60Glu + Gly65Pro 
Ser63Glu + Gly65Pro 
Asp60Glu + Thr66Ser 
Gln59Ser + Asn6lGlu 
Asn62Asp + Gly65Gln 
Asn61Gln + Ser63Asp 
Gln59Asp + Gly65Asn 
Ser63Asp + Thr66Pro 
Ser63Glu + Thr66Asn 
Asn62Glu + Thr66Asn 
Asn61Asp + Gly65Ser 
Gly65Pro + Thr66Ser 
Gln59Ser + Asn62Ser 
Asp60Glu + Gly65Ser 
Ser63Asp + Gly65Ser 
Asn6lGln + Ser63Glu 
Asn61Asp + Asn62Ser 
Gln59Glu + Gly65Pro 
Gln59Ser + Asn61Asp 
Gln59Asp + Asn62Ser 
Gln59Asn + Gly65Ser 
Ser63Glu + Thr66Ser 
Asn61Ser + Ser63Asp 
Asn62Ser + Gly65Pro 
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TABLE 4 



Loop 1 

Gln59Ser 



• Triple Mutation Variants 



Asn62Gln 
Gln59Ser 
Gln59Asn 
Asn61Ser 
Ser63Glu 
Asn62Asp 
Gln59Ser 
Gln59Ser 
Asn61Gln 
Asn62Glu 
Asp60Glu 
Asn62Ser 
Gln59Asp 
Asn62Ser 
AsnSlAsp 
Asp60Glu 
Asp60Glu 
Asp60Glu 
Gln59Ser 
Asn61Asp 
Asn61Glu 
Gln59Asp 
Gln59Asp 
Asn62Asp 
Asn62Glu ■ 
Asn62Asp - 
Gln59Ser - 
Asn62Glu - 
Asn61Asp - 
Gln59Glu h 
Asp60Glu 
Asp60Glu 
Gln59Ser 



Ser63Asp + 

- Gly65Ser 
■ Asp60Glu 

- Ser63Glu 
Gly65Asn 
Gly65Ser 
Gly65Ser 
Asn62Asp 
Asp60Glu 
Ser63Asp 
Gly65Asn 
Gly65Asn 
Ser63Asp 
Asn62Gln 
Ser63Glu 
Asn62Ser 
Asn61Gln • 
Asn61Gln ■ 
Gly65Pro - 
Asn61Glu ■ 

+ Asn62Asp i 
+ Asn62Glu h 
+ Asp60Glu H 
+ Asp60Glu H 
+ Ser63Asp -t 
+ Ser63Glu 4 
+ Ser63Glu 4 
+ Asn62Asp 4 
+ Ser63Asp + 
+ Asn62Asp + 
+ Asp60Glu + 
+ Asn62Glu + 
+ Asn61Glu + 
+ Asp60Glu + 



Gly65Pro 
Thr66Asp 
+ Thr66Gln 
+■ Thr66Pro 
Thr66Glu 
*■ Thr66Asn 
Thr66Gly 
i- Thr66Pro 
h Asn61Gln 
^ Gly65Ser 
- Thr66Gln 
• Thr66Ser 

■ Thr66Gln 

■ Gly65Pro 
Thr66Gly 
Gly65Asn 
Asn62Ser 
Gly65Ser 
Thr66Asn 
Asn62Asp 
Gly65Pro 
Thr66Gln 
Thr66Gln 
Thr66Pro 
Gly65Asn 
Gly65Asn 
Gly65Gln 
Ser63Glu 
Gly65Ser 
Ser63Glu 
Asn61Glu 
Ser63Asp 
Ser63Glu 
Asn62Glu 



TABLE 5 



Gln59Ser 
Gln59Ser 
Asp60Glu 
Asn62Gln 
Asn61Gln 
Gln59Asn 
Gln59Glu 



Loop 1 - Quadruple Mutation Variants 



Asp60Glu 
Asn62Ser 
Asn62Ser 
Ser63Glu 
Asn62Gln 
Asp60Glu 
Asn62Ser • 



Gly65Gln 

Ser63Asp 

Gly65Pro 

Gly65Pro 

Ser63Asp 

Asn61Gln ■ 

Gly65Pro ■ 



Thr66Gln 
Gly65Gln 
Thr66Gln 
Thr66Gln 
Gly65Pro 
Gly65Asn 
Thr66Ser 
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Gln59Asn 

Gln59Asp 

Asn61Gln 

Asp60Glu 

Asn61Asp 

Asn61Asp 

Gln59Glu 

Asp60Glu 

Asp60Glu 

Asp60Glu 

Asp60Glu 

Gln59Ser 

Asp60Glu 

Asp60Glu 

Asp60Glu 

Gln59Ser 

Asp60Glu 

Asp60Glu 

Gln59Ser 

Asp60Glu 

Asp60Glu 

Gln59Ser 

Asp€0Glu 

Gln59Asn 

Asp60Glu 



+ Asn61Asp 
+ Asp60Glu 
+ Asn62Asp 
+ Asn61Asp 
+ Asn62Glu 
+ Asn62Glu 
+ Asp60Glu 
+ Asn62Asp 
+ Asn62Glu 
+ Asn62Glu 
+ Asn61Asp 
+ Asp60Glu 
+ Asn61Asp 
+ Asn61Asp 
+ Asn61Asp 
+ Asp60Glu 
+ As n 62 Asp ■ 
+ Asn61Gln • 
+ Asp60Glu ■ 
+ Asn61Ser - 
+ Asn61Ser - 
+ Asp60Glu i 
+ Ser63Glu h 
+ Asp60Glu H 
+ Ser63Glu h 



+ Asn62Asp 
+ Asn62Ser 
+ Ser63Glu 
+ Asn62Glu 
+ Ser63Glu 
+ Ser63Asp 
+ Asn61Asp 
f Ser63Glu 
*■ Ser63Glu 
»■ Ser63Asp 
^ Ser63Glu 
i- Asn61Asp 
i- Ser63Asp 
k Ser63Asp 
i- Ser63Glu 

■ Asn62Asp 
- Gly65Ser 

■ Asn62Glu 

■ Asn62Asp • 
• Asn62Gln ■ 

Ser63Asp ■ 
Asn61Gln ■ 
Gly65Ser - 
Ser63Asp - 
Gly65Pro h 



+ Thr66Asn 
+ Gly65Ser 
+ Thr€6Gln 
+ Gly65Ser 
+ Thr66Ser 
+ Gly65Ser 
+ Gly65Ser 
+ Thr66Pro 
+ Thr66Asn 
+ Gly65Ser 
+ Thr66Asn 
+ Ser63Asp 
+ Gly65Pro 
f Thr66Gly 
f Gly65Asn 
«■ Thr66Gly 
^ Thr66Pro 
*■ Gly65Ser 
i- Gly65Gln 
i- Ser63Glu 
h Thr66Pro 

- Ser63Glu 

- Thr6 6Asn 
■ Gly65Gln 
• Thr66Ser 



TABLE 6 



Loop 2 - Single Mutation Variants 



Val95Ala 
Val95Asn 
Val95Asp 
Val95Cys 
Val95Gln 
Val95Glu 
Val95Gly 
Val95His 
Val95Met 
Val95Pro 
Val95Ser 
Val95Thr 
Leu96Ala 
Leu96Asn 
Leu96Asp 
Leu96Cys 
Leu96Gln 
Leu96Glu 
Leu96Gly 
Leu96His 
Leu96lle 
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Leu96Met 
Leu96Pro 
Leu96Ser 
Leu96Thr 
Leu96Val 
Gly97Asn 
Gly97Asp 
Gly97Gln 
Gly97Glu 
Gly97Pro 
Gly97Ser 
Ala98Asn 
Ala98Asp 
Ala98Gln 
Ala98Glu 
Ala98Gly 
Ala98His 
Ala98Pro 
Ala98Ser 
Ala98Thr 
Asp99Glu 
GlylOOAsn 
GlylOOAsp 
GlylOOGln 
GlylOOGlu 
GlylOOPro 
GlylOOSer 
SerlOlAsp 
SerlOlGlu 
Glyl02Asn 
Glyl02Asp 
Glyl02Gln 
Glyl02Glu 
Glyl02Pro 
Glyl02Ser 
Glnl03Asn 
Glnl03Asp 
Glnl03Glu 
Glnl03Ser 
Tyrl04Ala 
Tyrl04Asn 
Tyrl04Asp 
Tyrl04Cys 
Tyrl04Gln 
Tyrl04Glu 
Tyrl04Gly 
Tyrl04His 
Tyrl04Ile 
Tyrl04Leu 
Tyrl04Met 
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Tyrl04Pro 

Tyrl04Ser 

TyrlCMThr 

TyrI04Val 

Serl 05Asp 

Serl05Glu 

Trpl06Ala 

Trpl06Asn 

Trpl06Asp 

Trpl06Cys 

Trpl06Gln 

Trpl06Glu 

Trpl06Gly 

Trpl06His 

Trpl06Il e 

Trpl06Leu 

Trpl06Met 

Trpl0 6Phe 

Trpl0 6Pro 

Trpl06Ser 

Trpl06Thr 

Trpl06Tyr 

Trpl06Val 

Ilel07Ala 

Ilel07Asn 

Ilel07Asp 

Ilel07Cys 

Ilel07Gln 

Ilel07Glu 

Ilel07Gly 

Ilel07His 

Ilel07Leu 

Ilel07Met 

Ilel07Pro 

Ilel07Ser 

Ilel07Thr 

Ilel07Val 



TABLE 7 



Loop 2 - Double Mutation Variants 

vai 95Gln + SerlOlGlu 



Gly 97Ser + GlylOOGln 
Serl05Glu + Trpl06Gly 
Asp 99Glu + Glnl03Asn 
Ala 98Gln + Trpl06Thr 
Gly 97Asp + Ilel07Thr 
GlylOOSer + Glyl02Gln 
Leu 96Ser + SerlOlGlu 
Asp 99Glu + Ilel07Ala 



WO 95/30010 



PCTVUS95/03176 



Leu 96Asn 
Glyl02Gln 
Tyrl04Leu 
Tyrl04Pro 
Gly 97Ser 
GlylOOPro 
Val 95Asn 
Val 95Met 
Asp 99Glu 
GlylOOAsn 
Glnl03Ser 
Glyl02Asp 
Glyl02Ser 
SerlOlAsp 
Leu 96Cys 
Asp 99Glu 
Glyl02Asp 
Gly 97Ser 
Glnl03Asp 
Ala 98His • 
Serl05Glu • 
Leu 96His ■ 
Gly 97Pro ■ 
Val 95Thr ■ 
GlylOOAsp - 
Val 95Pro n 
Glnl03Asn H 
Ala 98His h 
Trpl06Asn h 
Val 95Gln ^ 
Gly 97Asp -t 
GlylOOSer -f 
Val 95Asp -f 
Tyrl04Ala 4 
GlylOOPro + 
Leu 96Cys + 
Val 95Gly + 
Glyl02Gln + 
Ala 98Gly + 
GlylOOAsp + 
Val 95Glu + 
SerlOlGlu + 
Leu 96Val + 
Glyl02Glu + 
Glyl02Glu + 
Ala 98Gln + 
GlylOOGln + 
Gly 97Glu + 
SerlOlAsp + 
Ala 98His + 



+ Asp 99Glu 
+ Trpl06Asp 
+ Trpl06Glu 
+ Ilel07Asp 
+ SerlOlAsp 
+ SerlOlGlu 
+ Ala 98Asp 
+ Ilel07Gly 
+ Trpl06Cys 
+ Trpl06Thr 
+ Trpl06Pro 
+ Glnl03Ser 
+ Trpl06Gln 
+ Glyl02Pro 
+ Trpl06Asp 
f Glyl02Ser 
<■ Trpl06Val 
*- Trpl06Phe 
Tyrl04Thr 
I- GlylOOGln 
i- Trpl06Leu 
^ Tyrl04Thr 

• SerlOlGlu 

- Trpl06Ile 

- Tyrl04Ile 

• Glnl03Asn 
Trpl06Ile 
Glyl02Pro 
Ilel07His 
Leu 96Asp 
Ala 98Gln 
SerlOlGlu 
Tyrl04Gly 
Serl05Asp 
Serl05Glu 
Tyrl04Leu 
GlylOOSer 
Tyrl04Ser 
Trpl06Phe 
Trpl06Phe 
Ala 98Gln 
Tyrl04Asn 
SerlOlAsp 
Glnl03Asn 
Trpl06Gly 
GlylOOAsp 
Glnl03Ser 
Tyrl04Leu 
Glyl02Ser 
SerlOlAsp 
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Gly 97Asp + Glnl03Asn 



TABLE 8 



Loop 2 - Triple Mutation Variants 

Val 95Gln + Leu 96Thr + SerlOlGlu 
Ala 98His + Glnl03Glu + Trpl06Cys 
Ala 98Gln + SerlOlGlu + Tyrl04Met 
Glnl03Ser 
Asp 99Glu 
Gly 97Glu 
Glyl02Pro 
GlylOOPro ■ 
Glyl02Asn • 
Glnl03Glu ■ 
GlylOOAsp 



Ilel07Cys 
Glyl02Pro 
GlylOOGln 
Ilel07His 
Glyl02Asn 
Trpl0 6Tyr 
Ilel07Ser 
-— r Trpl0 6Met 
Tyrl04Leu + SerlOSAsp 
tm. + Tyrl04Cys 

+ Glnl03Ser 



Serl OlAsp 
Ala 98Pro 
Val 95Pro 
SerlOlGlu 
Leu 96Pro 
GlylOOGlu 
Ala 98Asn 
Gly 97Pro 

Glnl03Asn . . JWU „ CU 
Gly 97Pro + Ala 98Gln 
Ala 98Gly 4 GlylOOGlu T Ui u luJser 
ii U ltl le + Gly 97Pro + SerlOSAsp 
v ? lll T ° + G1 y 100p ^o + Ilel07Ala 
Z a i ot P f° + Gln 103Asp + Ilel07Met 
Val 95Gln + SerlOlGlu + Trpl06Phe 
Leu 96V f l + SerlOlGlu + Ilel07Pro 
?? Gly + Gly 97G1U + Tr P 106Thr 
r,Z oni SP + T y rl04s er + Tr P 106His 
Gly 97Ser + GlylOOPro + Tyrl04Cys 
Serl05Asp + Ilel07His 
Tyrl04Cys + Trpl06Phe 
GlylOOPro + Glyl02Ser 
Glyl02Asp + Tyrl04Ser 
Leu 96Met + Serl05Asp 
Trpl06Leu + Ilel07Glv 

Gly 97Glu • 

Glyl02Gln 



Glnl03Ser 
Ala 98Glu 
Val 95Gln 
Val 95Ala 
Val 95Ala 
Glyl02Gln 
Leu 96Asn 
GlylOOPro 



Gly 97Asp + Ala 98Asn 
Ala 98Gln + GlylOOPro 
Leu 9 6Thr _ " ' 



Val 95Ser 
GlylOOGln 
Gly 97Glu 
Leu 96Ala 
Val 95His 
Val 95Pro 
Glnl03Asn 
Gly 97Ser 
Val 95Glu 
Leu 9 6Gln 
Leu 96Pro 



GlylOOAsn 
Leu 96Asn 
Serl05Glu 
Tyrl04Thr 
Ala 98Gln 



Ilel07Pro 
Glnl03Glu 
Trpl06Leu 
Trpl0 6His 
Serl05Glu 
Gly 97Pro 
Trpl06Gln 
Trpl06Val 
GlylOOGlu 



- Gly 97Gln + SerlOlGlu 
■ Glyl02Asn + Glnl03Glu 
• Trpl06Ile + Ilel07Ala 
Ala 98Glu + Tyrl04Gln 
Leu 9€Ile + Ilel07Gln 
Asp 99Glu 



+ Ala 98Ser 



n„ a-,. SerlOlGlu + Glyl02Pro 

Gly 97Asn + Ala 98Pro + GlylOOPro 
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Gly 97Asn + Ala 98Glu + GlylOOAsn 
Glyl02Pro + Trpl06Ala + Ilel07P?£ 
GlylOOSer + Glyl02Glu + Trplolcvs 

S» lt%* + Tr P 106Leu + Hel07Pro 
Leu 96Thr + Serl05Glu + Trpl06Tyr 

Gly 97Asn + SerlOlGlu + Glyl02AsD 
Val 95Gln + SerlOlAsp + Glyl02A^ 
Asp 99Glu + GlylOOAsp + Trpl06Phe 
Tyrl04Glu + SerlOSAsp + Ilel07AsD 
Leu 96Glu + SerlOlGlu + Trpl06vfl 
Tyrl04Met + SerlOSAsp + IlelOTAsc 

Val 95Ala + Gly 97Asp + Asp 99Glu 



TABLE 9 



Loop 2 - Quadrupl e Mutation Va riants 

Leu 96Gln + Gly 97Ser + q or -i mr-i — — — 

Val 95Ala + Ala 1 XH^ 1 * + '^Pl06Val 



K ssss : & ^ : ^sss 
is sss: SLS SJ?--ss5 

Leu 96Met + GlylOOSer + SerlOlAsS + Trn f P 
Leu 96Il e + Ala qbc 0 v j. ^7 P T ^pl06Asn 

ss sss : S I « : ™- 

Gly 97Ser + G1?102Asd + «?i XSJ 811 + Tr P 106 His 

ss* : sag g> : --^ 
srsus : i hi S F ? : ™* 
& sss : S + + sSS 
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Val 95His 
Leu 96Glu 
Gly 97Asp 
Gly 97Glu 
Leu 96Ile 
Glnl03Asp 
Val 95Pro 
Val 95His 
Leu 96Asn 
Ala 9 8 Asp 
Leu 9 6Thr 
Val 95Glu 
Leu 96Gly 
Glyl02Glu 
Asp 99Glu 
Asp 99Glu 
Glyl02Glu 
Val 95His 
Gly 97Ser 
Val 95Glu 
Val 95Thr 
Val 95Glu 
Leu 96Ala 
Val 95Asp 
Val 95Pro 
Leu 9 6Asn 
Leu 96Asn 
Leu 96Ser 
Leu 96Thr 



+ Leu 96Glu + 
+ GlylOOGln + 
+ GlylOOAsp + 
+ Asp 99Glu + 
+ Gly 97Gln + 
+ Serl05Asp + 
+ Ala 98Pro + 
+ Asp 99Glu 4 
+ Asp 99Glu + 
+ Asp 99Glu + 
+ Gly 97Glu + 
+ Glyl02Asp + 
+ Glyl02Asp + 
+ Glnl03Glu + 
+ SerlOlGlu + 
+ SerlOlGlu + 
+ Glnl03Asn + 
+ Leu 96Val + 
+ Glyl02Ser + 
+ Leu 96Asp + 
+ Glyl02Glu + 
+ Gly 97Glu + 
+ Gly 97Pro + 
+ Leu 96Asp + 
+ Glyl02Glu + 
+ Glyl02Asp + 
+ Glyl02Asp + 
+ Gly 97Gln + 
+ Asp 99Glu + 



GlylOOGln 
SerlOlAsp 
Glyl02Pro 
GlylOOPro 
Glnl03Glu ■ 
Trpl06Asn ■ 
Glnl03Glu ■ 
SerlOlGlu - 
GlylOOAsn n 
SerlOlAsp h 
GlylOOGlu 4 
Tyrl04Ser i 
Glnl03Asp 4 
Serl05Glu + 
Glyl02Glu + 
Glyl02Glu + 
Tyrl04Asp + 
Glnl03Glu + 
Glnl03Glu + 
Glnl03Asp + 
Trpl06Tyr + 
Ala 98Gly + 
Ala 98Asp + 
Tyrl04Glu + 
Tyrl04Pro + 
Glnl03Asn + 
Tyrl04Ala + 
Glyl02Glu + 
Glyl02Asp + 



+ SerlOlGlu 
+ Glyl02Ser 
f Ilel07Gly 
<■ Tyrl04Ser 
^ Serl05Glu 
i- Ilel07His 
y Serl05Asp 
^ Glyl02Pro 

■ SerlOlGlu 

■ Ilel07Pro 
Glyl02Asp 
Ilel07Glu 
Serl05Glu 
Trpl06Cys 
Glnl03Asn 
Trpl06Gly 
Ilel07Thr 
Ilel07Glu 
Ilel07Glu 
Ilel07Asn 
Ilel07Asp 
GlylOOAsp 
SerlOlAsp 
Ilel07Ser 
Serl05Asp 
Serl05Glu 
Serl05Glu 
Serl05Asp 
Ilel07Gly 



TABLE 10 



Loop 3 - Single Mutation Variants 
Leul26Ala ' 



Leul26Asn 
Leul26Asp 
Leul26Cys 
Leul26Gln 
Leul26Glu 
Leul26Gly 
Leul2 6His 
Leul26Ile 
Leul26Met 
Leul26Pro 
Leul26Ser 
Leul26Thr 
Leul2 6Val 
Glyl27Asn 
Glyl27Asp 
Glyl27Gln 
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Glyl27Glu 

Glyl27Pro 

Glyl27Ser 

Glyl2 8Asn 

Glyl28Asp 

Glyl28Gln 

Glyl28Glu 

Glyl28Pro 

Glyl28Ser 

Prol29Asn 

Prol29Asp 

Prol29Gln 

Prol29Glu 

Prol29Gly 

Prol29Ser 

Serl30Asp 

Serl30Glu 

Glyl31Asn 

Glyl31Asp 

Glyl3lGln 

Glyl31Glu 

Glyl31Pro 

Glyl31Ser 

Serl32Asp 

Serl32Glu 

Alal33Asn 

Alal33Asp 

Alal33Gln 

Alal33Glu 

Alal33Gly 

Alal33His 

Alal33Pro 

Alal33Ser 

Alal33Thr 



TABLE 1 1 



Loop 3 - Double Mutation Variants 
Leul26Gln + Serl30Glu 



Glyl31Gln + Alal33Asn 
Prol29Asp + Glyl31Gln 
Glyl28Ser + Serl30Glu 
Leul26Pro + Alal33Gly 
Glyl27Asp + Alal33Gly 
Leul26Asp + Prol29Gln 
Glyl31Asn + Alal33Gln 
Glyl27Pro + Glyl3lGlu 
Glyl28Asn + Glyl31Asp 
Prol29Gln + Serl30Glu 
Glyl28Pro + Serl30Asp 
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Glyl28Gln 
Glyl2 8Asn 
Leul2 6Val 
Leul2 6Val 
Leul2 6Cys 
Glyl27Asp 
Glyl28Pro 
Glyl27Ser 
Leul26His ■ 
Glyl31Pro ■ 
Glyl27Ser ■ 
Prol29Asn ■ 
Leul26Val ■ 
Prol29Gly ■ 
Leul26Val h 
Prol29Glu h 
Prol29Gly h 
Leul26His H 
Glyl28Asn 4 
Glyl27Pro 4 
Glyl27Gln 4 
Glyl28Pro 4 
Glyl28Asn -f 
Leul26Cys 4 
Prol29Asn 4 
Leul26Ser 4 
Glyl28Glu 4 
Prol29Asn + 
Leul26Ser + 
Prol29Gln + 
Glyl27Asp + 
Glyl28Gln + 
Glyl27Pro + 
Prol29Gln + 
Leul26Val 4- 
Glyl28Ser + 
Leul2 6Asn 4- 



v Prol29Ser 
i- Prol29Gly 
^ Serl30Asp 

- Prol29Ser 

■ Prol29Glu 

- Alal33Thr 

■ Prol29Glu 

■ Glyl31Asp 

• Prol29Asp 

• Alal33Glu 
Glyl28Ser 
Glyl3lGlu 
Prol29Asp 
Alal33Asp 
Serl30Glu 
Alal33Pro 
Serl30Asp 
Glyl28Glu 
Serl32Glu 
Serl32Asp 
Prol29Gln 
Prol2 9Asp 
Serl30Glu 
Prol2 9Asn 
Serl32Glu 
Serl32Asp 
Glyl31Ser 
Serl30Asp 
Serl32Glu 
Glyl31Pro 
Glyl2BGln 
Prol29Glu 
Prol29Gly 
Alal33Gln 
Glyl28Asp 
Serl32Glu 
Prol29Gly 



Leul26Ile + Alal33Gly 
Glyl28Ser 4- Glyl31Gln 



Glyl27Ser 
Leul26Cys 
Glyl27Pro 
Leul26His 
Glyl31Ser 
Glyl31Pro 
Glyl31Asp 
Leul2 6Asp 
Leul26Glu 



Serl30Asp 
Serl32Asp 
Serl30Glu 
Alal33Asp 
Alal33Glu 
Alal33Gln 
Alal33Ser 
Alal33Asn 
Prol29Gln 
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TABLE 12 



Loop 3 - Triple Mutation Va riants 

Leul26His 



Leul2 6Asp 
Prol29Asn 
Glyl28Pro 
Glyl28Gln 
Glyl3lGln 
Glyl28Asp 
Glyl31Ser 
Prol29Ser 
Glyl28Asr> 
Leul26Gly 
Leul2 6Pro 
Leul26Ser h 
Glyl28Ser h 
Leul26Val 4 
Prol29Gly 4 
Leul26Thr 4 
Leul2 6His 4 
Leul2 6Cys 4 
Leul26Gly 4 
Glyl28Gln + 
Glyl28Asp 4- 
Leul26Cys 4- 
Glyl27Ser + 
Leul26His 4- 
Leul2 6Asn 4- 
Leul26Met + 
Leul2 6Glu + 
Leul2 6Met 4- 
Serl30Glu 4- 
Glyl27Pro 4- 
Leul2 6Ala + 
Glyl31Asn + 
Leul2 6Val + 
Leul26Ser 4- 
Prol29Gln + 
Leul2 6Met 4- 
Leul2 6Cys + 
Prol29Ser + 
Leul26Ser + 
Glyl27Ser + 
Glyl27Pro + 
Leul2 6His + 
Glyl28Pro + 
Prol29Ser + 
Leul26His + 



Prol29Glu 4- Alal33Asn 
4- Glyl28Ser 4- Glyl31Gln 
' Glyl31Ser 4- Serl32Glu 



+ Prol29Asn 4- Serl30Glu 
4- Serl30Glu 4- Alal33Ser 
4- Serl32Glu + Alal33Gln 
+ Glyl31Ser 4- Alal33Asn 
4- Serl32Asp + Alal33Pro 
4- Glyl31Gln + Alal33Glu 
+ Serl30Glu 4- Glyl31Gln 
4- Glyl27Gln 4- Glyl31Pro 
4- Glyl27Glu + Glyl28Pro 
+ Prol29Ser 4- Serl32Asp 
4- Serl32Glu + Alal33Asn 
4- Serl32Glu 4- Alal33Gln 
4- Serl30Glu + Glyl31Pro 
+ Glyl27Pro + Alal33Asn 
+ Serl30Asp + Alal33Pro 
4- Glyl27Ser + Prol29Ser 
4- Serl32Asp 4- Alal33Ser 
+ Prol29Gln 4- Glyl31Asn 
+ Glyl31Asn 4- Alal33His 
+ Serl30Glu 4- Alal33Gly 
+ Serl30Asp + Alal33Gly 
+• Prol29Asn + Serl30Asp 
*■ Glyl3lAsp 4- Alal33Gln 
Glyl28Asn + Serl32Asp 
Glyl27Gln + Alal33His 
Serl32Asp + Alal33His 
Glyl31Gln 4- Alal33Gln 
Glyl28Ser + Alal33Ser 
Prol29Gly 4- Serl32Glu 
Serl32Asp + Alal33Asn 
Glyl31Asp + Alal33Ser 
Glyl27Asn 4- Alal33Gln 
Serl30Glu + Alal33His 
Glyl27Ser + Serl30Asp 
Prol29Asn 4- Glyl31Asp 
Serl30Asp + Alal33Asn 
Prol29Gly + Serl32Glu 
Prol29Gln 4- Serl32Asp 
Glyl28Asn 4- Prol29Gln 
Serl32Asp + Alal33Asn 
Prol29Glu 4- Alal33Thr 
Glyl31Glu 4- Alal33Pro 
Glyl28Pro 4- Prol29Gln 
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Leul2 6Met 
Glyl28Pro 
Glyl31Asp 
Glyl28Glu 
Prol29Ser 
Leul26Asn 
Prol29Asn 
Leul2 6His ■ 
Prol29Glu • 
Glyl27Ser • 
Serl30Asp ■ 
Glyl28Asp - 
Leul2 6Met • 
Glyl28Asp h 



Glyl27Asp 
Glyl31Glu 
Serl32Glu 
Prol29Glu 
Serl32Glu 
Serl30Glu ■ 
Serl30Glu • 
Serl30Glu - 
Serl30Asp - 
Prol29Asp - 
Glyl31Asp - 
Serl30Glu i 
Glyl28Glu h 
Prol29Asn h 



Glyl28Asp 
Serl32Asp 
Alal33Pro 
Alal33Asn 
Alal33Glu 
Glyl31Asp 
Glyl31Asp 
Glyl31Glu 
Glyl31Asn 
Serl30Asp 
Serl32Asp 
Glyl31Asn 
Serl30Asp 
Serl30Glu 



TABLE 13 



Loop 3 - Quadruple Mu tation Variants 

Leul26Ser 



Leul26Met 
Glyl27Ser 
Leul2 6Asn 
Leul2 6Asn 
Leul26Gly 
Leul2 6Gly 
Glyl27Asn 
Leul2 6Pro 
Leul2 6Ala 
Leul2 6Asn 
Glyl28Gln 
Leul26His 
Leul26Gln 
Leul2 6Val 
Leul26Val 
Leul26Thr 
Glyl2 8Asp 
Leul2 6Asn 
Leul26Pro 
Glyl27Pro 
Leul26Ile 
Leul2 6Val 
Glyl28Asp ■ 
Prol2 9Asn ■ 
Leul26Gln ■ 
Glyl27Pro - 
Leul26Gln i 
Glyl27Ser h 
Leul26Ser h 
Serl30Glu h 
Glyl27Gln 4 



Prol29Asn 
+ Prol29Ser 
+ Glyl31Gln 
+ Glyl27Pro 
+ Prol29Gly 
+ Prol29Gly 
+ Glyl27Asp 
+ Prol29Gln 
+ Glyl27Ser 
+ Glyl27Gln 
+ Glyl27Ser 
+- Prol29Gln ■ 
+■ Glyl28Ser • 
+■ Prol29Ser ■ 
*■ Glyl28Pro - 
^ Prol29Gly - 
y Glyl27Pro - 
I- Prol29Gly h 
i- Glyl28Glu h 
u Glyl27Pro h 
• Glyl28Gln 4 
- Glyl27Gln 4 

■ Glyl31Asp 4 

■ Prol29Asp 4 
Glyl31Ser 4 
Glyl31Pro + 
Serl30Glu + 
Prol29Gln + 
Serl30Asp + 
Glyl27Pro 4- 
Glyl31Glu + 
Serl30Glu + 



Serl30Asp + Alal33His 
Serl32Glu 4- Alal33Asn 
Serl32Glu 4- Alal33Gln 
Glyl28Glu + Prol29Gly 
Glyl31Asp 4- Alal33Gly 
Serl32Glu + Alal33Pro 
Prol29Gly 4- Glyl31Pro 
Glyl31Asp + Alal33Gly 
Glyl28Gln + Serl30Glu 
Prol29Asn 4- Serl30Glu 
Serl30Glu 4- Alal33Thr 
Serl30Asp + Glyl31Ser 
Glyl31Ser 4- Serl32Asp 
Serl30Asp 4- Alal33His 
Prol29Asn 4- Alal33Asp 
Serl30Glu + Alal33Thr 



Serl32Glu 
Glyl31Pro 
Prol29Gln 
Prol29Ser 
Glyl31Glu 
Glyl31Asp 
Serl32Asp 
Glyl31Asn 



Alal33Thr 
Alal33Ser 
Glyl31Pro 
Serl30Asp 
Serl32Glu 
Serl32Glu 
Alal33Pro 
Alal33Pro 



Serl32Asp 4- Alal33Asp 
Serl32Asp 4- Alal33Asp 
Glyl31Glu 4- Alal33His 
Serl30Asp 4- Glyl31Glu 
Glyl31Glu 4- Alal33Gln 
Prol29Glu 4- Serl30Glu 
Serl32Glu + Alal33Ser 
Glyl31Asp 4- Serl32Asp 
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r^^n 111 + Serl30G1 u + Glyl31Asp f Serl32Asp 

riut^f Prol29Asp + Serl30Glu + Glyl3lGlu 

rlvi?«^ Sn + Prol29As P + Serl30Asp + GlylilAsn 
iin?^ Sn + Prol29G1 ^ + Serl30GlS + G1v131Asd 

lilSill 



rnnJor, ^VlZBPro + Prol29Glu + G1v131Asd 

piss ; sssss i g^is : 



133G1u 
133Glu 



TABLE 14 



Loop 4 - Single Mutation Variant* 



Glyl54Asn 
Glyl54Asp 
Glyl54Gln 
Glyl54Glu 
Glyl54Pro 
Glyl54Ser 
Asnl55Asp 
Asnl55Gln 
Asnl55Glu 
Asnl55Ser 
Glul56Asp 
Glyl57Asn 
Glyl57Asp 
Glyl57Gln 
Glyl57Glu 
Glyl57Pro 
Glyl57Ser 
Thrl58Asn 
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Thrl58Asp 

Thrl58Gln 

Thrl58Glu 

Thrl58Gly 

Thrl58Pro 

Thrl58Ser 

Serl59Asp 

Serl59Glu 

Glyl60Asn 

Glyl60Asp 

Glyl60Gln 

Glyl60Glu 

GlylSOPro 

Glyl60Ser 

Serl61Asp 

Serl61Glu 

Serl62Asp 

Serl62Glu 

Serl63Asp 

Serl63Glu 

Thrl64Asn 

Thrl64Asp 

Thrl64Gln 

Thrl64Glu 

Thrl64Gly 

Thrl64Pro 

Thrl64Ser 

Vall65Ala 

Vall65Asn 

Vall65Asp 

Vall65Cys 

Vall65Gln 

Vall€5Glu 

Vall65Gly 

Vall65His 

Vall65Met 

Vall65Pro 

Vall65Ser 

Vall65Thr 

Glyl66Asn 

Glyl66Asp 

Glyl66Gln 

Glyl66Glu 

Glyl66Pro 

Glyl66Ser 

Tyrl67Ala 

Tyrl67Asn 

Tyrl67Asp 

Tyrl67Cys 

Tyrl67Gln 
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Tyrl67Glu 
Tyrl67Gly 
Tyrl67His 
Tyrl67lle 
Tyrl67Leu 
Tyrl67Met 
Tyrl67Pro 
Tyrl67Ser 
Tyrl67Thr 
Tyrl 67Val 



TABLE 15 



Loop 4 - Double Mutation Variants 



Asnl55Ser 
Glyl54Ser 
Glyl54Glu 
Asnl55Glu 
Glyl57Pro 
Glyl54Ser 
Serl61Glu 
Glyl54Gln 
Asnl55Asp 
Thrl64Asn 
Asnl55Glu 
Glul56Asp 
Glyl54Pro 
AsnlSSSer 
Thrl58Pro 
Thrl64Gln 
Glyl57Gln 
Thrl58Asn 
Glyl54Asn 
Glyl57Gln 
Thrl64Asp 
Glyl60Asp 
Glyl54Glu 
Glul56Asp 
Asnl55Ser 
Glyl57Gln 
Thrl64Ser 
Serl59Glu 
Thrl64Glu 
Thrl58Gly 
Serl61Asp 
Glyl54Glu 
Glyl60Asp 
Serl62Glu 
Glyl57Asn 
Serl61Asp 



Glul56Asp 
+ Tyrl67Gln 
+ Vall65Ala 
+ Thrl64Pro 
+ Serl59Asp 
+ Serl61Asp 
+ Vall65Pro 
+ Serl61Glu 
+ Thrl58Pro 
+ Glyl66Gln 
+ Tyrl67His 
+ Thrl58Gly 
+ Glyl57Glu 
+ Tyrl67Asp 
+ Glyl66Asp 
+ Tyrl67Glu 
+ Thrl58Glu 
+ Serl62Asp 
+ Tyrl67Glu 
+ Serl61Asp 
+ Tyrl67Ala 
+ Vall65His 
+ Glyl57Ser 
+ Tyrl67Ile 
+ Thrl58Asp 
+ Thrl64Pro 
+ Tyrl67lle 
+ Tyrl67Thr 
+ Vall€5Gln 
+ Glyl60Ser 
+ Glyl66Pro 
+ Glyl66Ser 
+ Vall65Asn 
+ Vall65Gln 
+ Serl59Glu 
+ Vall65Asn 
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Asnl55Asp + Vall65Pro 
Glul56Asp + Glyl66Ser 
Glyl54Pro + Serl59Asp 
Glyl54Ser + Tyrl67Cys 
Glyl€0Pro + Thrl64Asp 
Serl61Glu + Vall65Gly 
Serl62Glu + Tyrl67Asn 
Glyl54Asn + Glyl66Glu 
Serl61Glu + Tyrl67Ala 
Glyl60Gln + Vall65Pro 
Glyl54Glu + Vall65Gly 
Glyl60Ser + Serl63Asp 
Glyl57Glu + Thrl58Asn 
Glyl60Asp + Vall65Pro 
Glyl60Asn + Serl62Asp 
Thrl64Gln + Glyl66Gln 
Asnl55Ser + Thrl58Gln 
Serl6lGlu + Tyrl67Gly 
Serl62Asp + Glyl66Ser 
Glyl54Glu + Thrl58Gly 
Glyl54Ser + Thrl58Ser 
Glyl57Asp + Glyl60Pro 
Serl63Glu + Vall65His 
Glyl54Pro + Glyl66Asp 



TABLE 16 
Loop 4 - Triple Mutation Variants 



Glyl54Gln + Asnl55Ser + Glul56Asp 
Glyl54Ser + Glyl60Asp + Tyrl67Gln 
Asnl55Glu + Glyl57Ser + Thrl64Pro 
Glyl57Asn + Serl59Asp + Glyl60Ser 
Glul56Asp + Glyl60Ser + Vall65Thr 
Glyl60Pro + Serl62Glu + Thrl64Asn 
Glyl54Ser + Glul56Asp + Thrl58Gln 
Glyl60Asn + Serl62Glu + Glyl66Ser 
Glyl60Ser + Vall65Gly + Glyl66Gln 
Thrl58Gln + Serl62Asp + Tyrl67Val 
Glyl57Gln + Serl62Glu + Tyrl67Leu 
Serl62Glu + Thrl64Gln + Vall65Cys 
Glyl57Ser + Vall65Met + Glyl66Glu 
Glyl54Ser + Glul56Asp + Glyl66Pro 
Thrl58Ser + Serl61Asp + Thrl64Gly 
Glul56Asp + Glyl57Ser + Glyl60Asn 
Glyl54Gln + Asnl55Asp + Glyl66Ser 
Serl63Glu + Vall65Thr + Tyrl67Pro 
Glyl57Asp + Thrl58Gln + Vall65Ser 
Glyl57Asn + Serl59Asp + Glyl66Ser 
Glyl60Gln + Serl63Glu + Vall65Met 
Glyl54Asn + Asnl55Asp + Glyl57Pro 
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Glul56Asp 

Thrl58Asn 

Glyl54Asn 

Asnl55Glu 

Thrl58Glu 

Asnl55Gln 

Asnl55Ser 

Glyl54Gln 

Serl63Glu 

Asnl55Ser 

Glyl57Asp 

Serl63Asp 

Serl63Asp 

Glul56Asp 

Glyl57Gln 

Serl61Asp 

Glyl54Asn 

Serl59Asp 

Serl59Glu 

Thrl58Asp 

Serl61Glu 

Serl61Glu ■ 

Asnl55Glu ■ 

Glyl57Glu - 

Serl61Asp . 

Glyl57Glu h 

Glyl57Glu H 

Glyl57Asp h 

Serl59Glu ■» 

Serl59Asp -f 

Thrl58Asp + 

Thrl58Glu + 

Thrl58Glu + 

Glyl57Ser + 

Thrl58Asp + 

Thrl58Glu + 

Glul56Asp + 

Asnl55Glu + 



+ Thrl58Asn 
+ Glyl60Glu 
+ Glyl57Pro 
+ Glyl57Ser 
+ Glyl60Ser 
+ Glul56Asp 
+ Serl62Glu 
+ Thrl58Gly 
+ Vall65Ala 
+ Glyl60Glu 
+ Thrl64Ser 
f Thrl64Glu 
*■ Thrl64Asp 
»■ Glyl57Asp 
Glyl66Asp 
Serl62Glu 

- Serl59Glu • 

- Serl62Glu - 

- Glyl60Ser ■ 
■ Serl61Glu - 

Serl63Asp h 
Serl63Glu h 
Glul56Asp h 
Thrl64Glu 4 
Serl63Glu -f 
Thrl5BGln 4 
Serl59Asp + 
Serl63Glu + 
Serl63Asp + 
Serl63Asp + 
Serl 61Asp + 
Serl 62Asp + 
Serl62Asp + 
Thrl58Asp + 
Serl63Glu + 
Serl63Asp + 
Glyl66Glu + 
Glyl57Pro + 



+ Vall65Cys 
+ Thrl64Pro 
+ Thrl58Gln 
+ Thrl58Gln 
+ Tyrl67Val 
+ Thrl64Ser 
+ Vall65Met 
+ Glyl66Asp 
+ Glyl66Asn 
+ Thrl64Gln 
+ Glyl66Pro 
+ Tyrl67Met 
*■ Vall65Met 
»■ Thrl64Gln 
^ Tyrl67Glu 
Tyrl67His 
^ Serl62Glu 
- Vall65Cys 

■ Serl61Asp 

■ Serl62Glu 

■ Thrl64Ser 
Vall65His 
Thrl58Glu 
Vall65Gly 
Thrl64Glu 
Serl59Glu 
Tyrl67Cys 
Thrl64Glu 
Thrl64Gly 
Thrl64Asn 
Serl63Glu 
Thrl64Asn 
Vall65Thr 
Serl62Glu 
Thrl64Asn 
Tyrl67Gly 
Tyrl67lle 
Thrl64Asp 



TABLE 17 



Loop 4 - Quadruple Mutation Variants 



Serl59Glu + 
Asnl55Ser + 
Glyl57Asn + 
Thrl58Ser + 
Glyl54Ser + 
Glyl57Gln + 
Glyl57Asn + 
Glul56Asp + 



Thrl64Ser 
Glyl57Pro 
Vall65Pro 
Glyl60Gln 
Glyl57Pro 
Glyl60Asp 
Glyl60Asp 
Thrl58Ser 



+ Vall65Thr 
+ Vall65Ser 
+ Glyl66Glu 
+ Vall65His 
+ Serl63Glu ■ 
+ Thrl64Ser ■ 
+ Vall65Cys • 
+ Vall65Asn ■ 



Glyl66Pro 
Glyl66Glu 
Tyrl67Val 
Glyl66Asp 
Thrl64Ser 
Vall65Asn 
Tyrl67Leu 
Glyl66Pro 
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Glul56Asp 
Asnl55Gln 
Thrl58Gly 
Serl59Asp 
Glyl54Pro 
Glyl54Asn 
Asnl55Ser 
Glyl57Asn 
Glyl60Glu 
Asnl55Glu 
Asnl55Asp 
Asnl55Asp 
Glyl54Ser 
Glyl54Asn 
Glul56Asp 
Glul56Asp 
Glyl54Pro 
Glyl54Ser 
Glyl57Pro 
Glyl54Asn 
Glyl54Asp 
Glyl54Gln 
Thrl58Ser • 
Asnl55Ser ■ 
Glyl57Asn ■ 
Glyl54Asn - 
Glyl57Gln h 
Glyl60Glu h 
Glyl54Asp h 
Glyl54Asp h 
Glyl54Gln 4 
Serl59Glu 4 
Serl59Asp 4 
Glul56Asp 4 
Glul56Asp + 
Asnl55Gln + 
Serl63Glu + 
Serl61Asp + 
Serl61Asp + 
Glyl57Pro + 
Glyl54Pro + 
Asnl55Asp + 
Glul56Asp + 
Thrl58Gln + 
Glyl54Gln + 
Asnl55Ser + 
Glyl54Gln + 
Glul56Asp + 
Glyl60Glu + 
Glyl60Glu + 



+ Thrl58Pro 
+ Glul56Asp 
+ Glyl60Ser 
+ Glyl60Gln 
+ Thrl64Gln 
+ Glyl60Pro 
+ Glyl57Asn 
+ Thrl58Asn 
+ Serl61Asp 
+ Glul56Asp 
+ Glul56Asp 
+ Glul56Asp 
+ Thrl58Gln 
+ Asnl55Gln 
+ Glyl57Glu 
+ Glyl57Glu 
+ Glyl57Pro 
+ Glyl57Asn 
+■ Glyl60Pro 
+■ Serl61Glu 
f Asnl55Asp 
*■ Serl59Glu 
► Serl59Asp 
i- Glul56Asp 
l- Serl59Asp 
H Glul56Asp 
^ Glyl60Asp 
- Serl62Asp 
■ Asnl55Ser 

• Glul56Asp 

• Glyl57Pro 
Serl61Asp 
Serl61Asp 
Thrl58Glu 
Thrl58Asp 
Thrl58Asp 
Thrl64Asp 
Serl63Asp 
Serl63Glu 
Serl59Glu 
Glul56Asp 
Glul56Asp 
Serl59Asp 
Serl59Asp 
Serl59Asp 
Glyl60Asp 
Glyl60Asp 
Glyl60Pro 
Serl63Asp 
Serl63Glu 



+ Thrl64Gln + 
+ Thrl64Gly + 
+ Serl63Asp + 
+ Glyl66Ser + 
+ Vall65Gly + 
+ Serl61Glu + 
+ Thrl64Gln + 
+ Serl63Glu + 
+ Vall65Met + 
+ Thrl58Gln + 
+ Vall65Asn + 
+ Glyl60Ser + 
+ Serl62Glu + 
+ Serl63Glu + 
+ Glyl60Gln + 
+ Thrl58Ser + 
+ Thrl58Asp + 
+ Thrl58Glu + 
+ Glyl66Asp + 
+ Serl62Glu + 
+ Thrl64Gln + 
+ Glyl60Glu + 
+ Glyl60Asp + 
+ Glyl57Asp + 
+ Serl6lGlu + 
+ Glyl57Glu + 
+ Serl62Asp + 
+ Thrl64Asn + 
+ Glul56Asp + 
+ Glyl57Glu + 
+ Serl59Asp + 
+ Glyl66Ser + 
+ Glyl66Pro + 
+ Vall65Ala + 
+ Glyl66Pro + 
+ Thrl64Asp + 
+ Vall65Met + 
+ Vall65Thr + 
+ Thrl64Gln + 
+ Serl61Asp + 
+ Serl63Asp + 
+ Thrl58Asp + 
+ Thrl64Asp + 
+ Serl63Glu + 
+ Serl63Asp + 
+ Serl62Glu + 
+ Serl62Glu + 
+ Vall65Pro + 
+ Thrl64Gly + 
+ Thrl64Pro + 



Vall65Pro 
Vall65Thr 
Tyrl67Asn 
Tyrl67Pro 
Glyl66Asp 
Glyl66Pro 
Tyrl67Asp 
Vall65Gln 
Tyrl67Pro 
Glyl66Pro 
Glyl66Asn 
Thrl64Asn 
Serl63Glu 
Thrl64Glu 
Thrl64Gly 
Vall65Cys 
Serl59Asp 
Serl59Glu 
Tyrl67Glu 
Tyrl67Asn 
Glyl66Asn 
Serl61Asp 
Serl61Asp 
Thrl58Glu 
Serl62Glu 
Thrl64Glu 
Vall65Thr 
Glyl66Gln 
Thrl64Ser 
Thrl58Gly 
Serl61Asp 
Tyrl67His 
Tyrl67Ser 
Glyl66Gln 
Tyrl67Ala 
Tyrl67Val 
Glyl66Glu 
Tyrl67His 
Glyl66Asn 
Serl63Glu 
Thrl64Glu 
Thrl€4Asn 
Vall65Ala 
Vall65Cys 
Glyl66Pro 
Thrl64Asp 
Thrl64Glu 
Glyl66Glu 
Tyrl67Leu 
Glyl66Gln 
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Asnl55Asp + Thrl58Pro + Serl63Glu + Thri^a^ 
TABLE 18 



Loop 5 - Single Mutation Variants 
" Alal87Asn 



Alal87Asp 

Alal87Gln 

Alal87Glu 

Alal87Gly 

Alal87His 

Alal87Pro 

Alal87Ser 

Alal87Thr 

Serl88Asp 

Serl88Glu 

Phel89Ala 

Phel89Asn 

Phel89Asp 

Phel89Cys 

Phel89Gln 

Phel89Glu 

Phel89Gly 

Phel89His 

Phel89lle 

Phel89Leu 

Phel89Met 

Phel89Pro 

Phel89Ser 

Phel89Thr 

Phel89Tyr 

Phel89Val 

Serl90Asp 

Serl90Glu 

Serl9lAsp 

Serl91Glu 



. TABLE 19 

Loop 5 - Double Mutation Variants 
Alal87Asp + Phel8 9Gln 



Alal87Ser + Serl88Asp 

Serl88Glu + Phel89Pro 

AJal87Asp + Phel89His 

Alal87Asn + Serl9lGlu 

Alal87Gln + Serl91Asp 

Alal87Glu + Phel89Pro 

Alal87Pro + Phel89Asp 
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Serl8 8Asp + 
Phel89His + 
Serl88Glu + 
Alal87His + 
Alal87Asn + 
Serl88Glu + 
Alal87Asp + 
Serl88Asp + 
Alal87Gln + 
Alal87Ser + 
Alal87Pro + 
Serl88Glu + 
Phel89Ser + 
Alal87Gly + 
Alal87Asn + 
Alal87Thr 
Alal87His 
Serl88Glu 
Alal87Ser 
Serl88Glu 
Phel89Asn 
Alal87Gln 
Alal87Gln 
Alal87Ser 
Phel8 9Val 
Serl88Glu 
Alal87Pro 
Phel89Asn 
Phel89Ile 
Alal87Glu 
Alal87His 
Serl8 8Asp 
Alal87Gly 
Serl88Asp 
Alal87Gly 
Alal87Gln 
Phel8 9Tyr 
Alal87Ser 
Alal87Thr 
Alal87Asn 
Alal87Gly 
Alal87Gly 
Phel89Cys • 
Alal87Asp ■ 
Serl 8 8Asp ■ 
Serl88Asp - 
Alal87Asn - 
Alal87Pro h 
Phel8 9Met n 
Alal87Thr h 



Phel89Cys 
Serl91Asp 
+ Phel89Ala 
+ Serl88Asp 
+ Serl88Glu 
+ Phel89Gln 
+ Phel89Ser 
+ Phel89Val 
+ Serl88Glu 
+ Serl88Glu 
+ Serl91Asp 
+ Phel89Val 
+ Serl91Glu 
+ Serl91Glu 
+ Serl91Asp 
+ Serl91Asp 
+ Serl88Glu 
*■ Phel89Gly 
«■ Phel89Ile 
^ Phel89Met 
Serl91Asp 
i- Phel8 9Tyr 
i- Serl91Glu 
y Phel89Ala 
■ Serl91Asp 
- Phel8 9Leu 

• Serl88Glu 

• Serl91Glu 
Serl91Asp 
Phel89Met 
Serl91Glu 
Phel89Tyr 
Phel89Val 
Phel89Gln 
Phel89Tyr 
Phel8 9Asp 
Serl9lGlu 
Serl91Asp 
Serl88Glu 
Serl88Asp 
Serl88Asp 
Phel89Cys 
Serl91Glu 
Phel89Gly 
Phel89Leu 
Phel89Gly 
Phel89Asp 
Serl91Glu 
Serl91Asp 
Serl8 8Asp 
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Phel89Ala + Serl91Glu 
Phel89Leu + 5erl91Glu 



TABLE 20 



Loop 5 - Triple Mutation Variants 
Alal87Pro + Phel89Cys + SerX91Glu 



Alal87Thr 
Alal87Ser 
Alal87Gln 
Alal87Gln 
Alal87Gln 
Alal87Gly 
Alal87Gly 
Alal87Pro 
Alal87Pro 
Alal87Asn 
Alal87Gly 
Alal87Gln 
Alal87Gly 
Alal87Thr 
Alal87Asn 
Alal87Gln 
Alal87Pro 
Alal87Ser 
Alal87Ser 
Alal87Gln 
Alal87Gly 
Alal87His 
Alal87Thr 
Alal87Pro 
Alal87Thr ■ 
Alal87Gly • 
Alal87Gln - 
Alal87Thr • 
Alal87Gln - 
Alal87Pro 



Phel89Tyr + Serl91Glu 
Serl88Glu + Phel89Ser 
Phel89Asn + Serl91Glu 
Serl88Asp + Phel89His 
Serl88Glu + Phel89His 



i- Serl88Asp 

- Serl88Asp 

- Phel89His 
• Phel89Gln 

Serl88Asp 
Serl88Glu 
Phel89Met 
Serl88Asp 
Phel89His 
Serl88Glu 
Phel89Val 
Phel89Met 
Serl88Glu 
Phel89Gln 
Serl88Asp 
Serl88Asp 
Phel89Gln 

Serl88Glu 

Phel89Gly + Serl91Glu 
Phel89Met + Serl91Glu 
Phel89Thr 
Phel89Leu 

Phel89Thr 

Serl8 8Asp + Phel89Met 
Phel89Ser + Serl91Glu 
Alal87Asp + Serl88Glu + Phel89Val 
Alal87Glu + Serl88Glu + Phel89Ser 
Alal87Asp + Serl88Glu + Phel89Met 
Alal87Asp + Serl88Asp + Phel89Gln 
Alal87Asp + Serl88Glu + Phel89Cys 
Alal87Asp + Serl88Glu + Phel89Tyr 
Alal87Glu + Serl88Glu + Phel89Tyr 
Alal87Asp + Serl88Asp + Phel89Gly 
Alal87Glu + Serl88Glu + Phel89Leu 
Alal87Asp + Serl88Glu + Phel89Ser 
Alal87Glu + Serl88Asp + Phel89Gly 
Alal87Asp + Serl88Asp + Phel89Pro 
Alal87Asp + Serl88Glu + Phel89His 
Alal87Glu + Serl88Glu + Phel89Thr 



Phel89Met 
Phel89Cys 
Serl9lGlu 
Serl91Glu 
Phel89Asn 
Phel89Ser 
Serl91Asp 
Phel89Pro 
Serl9lAsp 
Phel89Cys 
Serl91Glu 
Serl91Glu 
Phel89His 
Serl91Asp 
Phel89Pro 
Phel89Gly 
Serl9lGlu 
Phel89Ile 



Serl91Glu 
Serl91Glu 
Serl91Asp 
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Alal87Glu + Serl88Asp + Phel89ll e 
Alal87Glu + Serl88Asp + P^ 89 Asn 
^lJ«7rf r + Serl88 Glu + Phel89Glu 
^iR7ri y ^ Serl88 As P + PhelSSGlu 
Alal87Gly + SerlSSGlu + PhelS9Asn 
Al^ R 8 7 7 r° + Se ^88Glu + p£"£g 
Alal87G^ t 5 er " 8Glu + Phel89GlS 
J ' a G1U + Serl88 Asp + Phel89Asp 
Alal87Asp + Serl88Glu + Phel89Asn 
Alal87Glu + Serl88Glu + Ph2l89rfS 
Alal87Gly + Phel89Glu + lerlliAsp 
Alal87Gly 4 Phel89Glu + ISrlSlGlS 
Alal87Thr + Phel89Glu + SerlllGlu 
SerlSSGlu + Phel89Glu + Ser 9 G J 
SerlSSGlu + Phel89Glu + .w"^ 



TABLE 21 



Tli_i u , _ LO ° P , 5 " Q uadruple Mu ^tion Variants 

Aiai87Ser + Serl88G lu + PheJHQnen ^ o ; 

Alal87Pro + serlflfin,, I .? Sp + Se rl91Asp 

Alal87Gly + sS^SeSp * Ph^ fl ?f P + Serl91 Glu 
Alal87His + s«iw2jS + PheielcfS t ? er » 16 ^ 
Alal87Thr + Serl88AsD + Phfn pg? Serl9lAsp 
Alal87Asn + Serl88GlS t %Ztlll£» 1 ?« 191 Glu 
Alal87Pro + SerlSSAsD + Iht ■ s erl91Glu 
Alal87Pro + sSbbaS I p h ! ' lu + s «191Glu 
Alal87Ser + Serl88Gln t pk \l ? Asp + Ser 191Asp 
Alal87His + llAll^l + 22^f*f P + SerlSlGlS 
Alal87Thr + SerlBSrfn t H }l~ Glu + s erl91Asp 
Alal87Asn + SeJSesSn 1 l^lll*** + Se ^19lAsp 
Alal87G?n + slrlLcfn t S^f! 6111 + s «191Gl5 
Alal87Gly * SeAee^ + IhSll^* + Serl9lG ^ 
Alal87GlG + sSSbbaS + pk * f! ? G J U + Ser 191Glu 
Alal87Glu + ISSSbgiS + S^™ 61 * + Ser 19lAsp 
Alal87A S p + series + + + 
Alal87Asp + Serl88ri,, I pk ,!« le + Ser 19lGlu 
Alal87Asp + ^SISSS : P^ie^Thr ! f*" 1 *"* 
Alal87Glu + SerlBBrin I d? hr + Ser 19lAsp 

Alal87Glu + SerJIsA^n I eJ? e ?Sf Leu + Ser 19lAs£ 
Alal87Glu + IlrJIIrfn 1 p? e JS! Tyr + Ser 191As£ 
Alal87Glu + SerisS^n t p? 6 ?!! 61 " + Se rl91As£ 
Alal87Glu + SeSwG^ t 1**1 11°** + Ser 19lGlS 
Alal87Glu t L'r ^Giu : P^g? 1 f 6r " 1Glu 
Alal87Asp + SerlSSGlu + Phi J Ms ^ * f^ 1 ^ 
Alal87Glu + serlfiflrin I »!? ,f? Ser + Ser 19lGlu 
Alal87Asp t strllll " t 1^11°** + S * rl ^P 
Alal87Glu + S«"SfS t 1^11^ + Ser 191As£ 
Alal87Asp + LrlSS^p + + Itill^t I 
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Alal87Glu + 
Alal87Glu + 
Alal87Asp + 
Alal87Asp + 
Alal87Glu + 
Alal87Asp + 
Alal87Asp + 
Alal87Asp + 
Alal87Asp + 
Alal87Glu + 
Alal87Asp + 
Alal87Glu + 
Alal87Asp + 
Alal87Asp + 
Alal87Glu + 
Alal8 7Asp + 
Alal87Asp 4 
Alal87Gly + 
Alal87His + 
Alal87Thr 
Alal87Ser 
Alal87Ser 
Alal87Thr 
Alal87Ser 
Alal87Asn 
Alal87Gln 
Alal87Asn 
Alal87Gly 
Alal87His 



Serl88Asp 4 
Serl88Asp 4 
Serl88Glu + 
Serl8 8Asp + 
Serl88Glu + 
Serl8 8Asp + 
Serl88Asp + 
Serl88Asp + 
Serl88Asp + 
Serl88Glu + 
Serl88Asp 4 
Serl88Asp + 
Serl88Asp + 
Serl88Glu + 
Serl88Asp + 
Serl88Glu + 
Serl88Glu + 
Serl88Glu + 
Serl88Asp + 
Serl88Asp 4 
Serl88Glu + 
Serl8 8Asp + 
Serl88Asp 4 
Serl88Glu 4 
Serl88Glu + 
Serl8 8Asp + 
Serl8 8Asp + 
SerlB8Asp + 
Serl8 8Asp 4- 



Phel89His • 
Phel89Val - 
Phel89Gly h 
Phel89Cys h 
Phel8 9Asn h 
Phel89Thr 4 
Phel89lle 4 
Phel89Ala 4 
Phel89Val 4 
Phel89Ala 4 
• Phel89Ser 4 
Phel89Asn 4 
Phel89Cys 4- 
Phel89Cys 4 
Phel89Ser 4 
Phel89Tyr 4- 
Phel89Ala 4 
Phel89Thr 4 
Phel89Met 4 
Phel89Ser 4 
Phel89Met 4 
Phel89Ser 4 
Phel89Tyr 4 
Phel89Ala 4 
Phel89Gly 4 
Phel89Asn 4- 
Phel8 9His 4- 
Phel89Ser 4- 
Phel89Val 4 



<■ Serl9lAsp 
Serl91Asp 
i- Serl91Glu 
y Serl91Asp 
u Serl91Glu 

- Serl91Glu 

- Serl91Asp 
• Serl9lGlu 
■ Serl9lGlu 

Serl91Glu 

Serl91Asp 

Serl91Asp 

Serl91Glu 

Serl91Asp 

Serl91Glu 

Serl91Glu 

Serl91Asp 

Serl91Asp 

Serl91Glu 

Serl91Asp 

Serl91Asp 

Serl 9lAsp 

Serl9lGlu 

Serl91Asp 

Serl91Asp 

Serl91Glu 

Serl91Glu 

Serl91Glu 

Serl91Asp 



TABLE 22 



Multi-loop Double Mutation V ariants 
Leu 96Gly 



Gin 59Ser 4 
Val 95Gln 4 
Tyrl04Cys 4- 
Glyl27Gln 4- 
Serl88Glu 4 
Gly 97Gln 4- 
Gln206Asp + 
Asp 60Glu 4 
Thrl58Asp 4 
Pro210Gln 4 
Tyrl04Glu 4 
Tyrl67Pro 4 
Ilel07Leu + 
Gly 97Glu 4 
Thr 66Pro 4- 
Alal33Gly + 



Ser204Glu 
Asn 62Ser 
Asn218Asp 
Lys213Glu 
Ala216Pro 
Gly215Asn 
Ilel07Ala 
Tyr217Thr 
Gln206Asn 
Gln206Ser 
Gly215Asn 
Ilel07Leu 
Gly211Glu 
Alal87Asp 
Thrl64Pro 
Val203Cys 
Tyr217Ser 
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Serl05Glu + Phel89Val 
Tyrl67Asp + Alal87Thr 
Serl61Glu + Ala216Thr 
Ser 63Asp + Glnl03Ser 
Leu 96Gln + Prol29Glu 
Ala 98Gly + Tyr214Glu 
Leu 96Asn + Asn212Ser 
Ser 63Asp + Phel89Leu 
Thrl58Gln + Lys213Glu 
Leul26Gln + Glyl60Asp 
Serl59Asp + Tyr217Gln 
SerlOlAsp + Val203Ala 
GlylOOAsn + Gly2l5Glu 
Gin 59Asp + Glyl31Gln 
Glyl57Glu + Leu209Pro 
Trpl06Pro + Tyr217ll e 
Ala216Ser + Gly219Asp 
Thr 66Gln + Leul26Asn 
Glyl02Gln + Gly219Asp 
Asn212Ser + Lys213Asp 
Gln206Ser + Lys213Glu 
Tyrl04Glu + AsnlSSGln 
Val 95Asp + Leul26Ser 
Tyrl04Asp + Glyl66Gln 
Thr 66Pro + Ser204Glu 
Asn 61Glu + Phel89Pro 
Asp 60Glu + Tyrl67Ala 
Prol29Gln + Gln206Asp 
Glyl60Asp + Ala216Asn 
Serl 6lGlu + Glyl66Asn 
Leu 96Pro + GlylOOAsn 
Trpl06Asn + Val2 03Asn 
SerlOlAsp + Glyl27Ser 
Alal33Gln + Val203Asp 
?f r 1 1 ^ A fP + Gly202Ser 
Ilel07Ala + Glyl60Asn 
Alal33Thr + Tyr214Il e 
Phel89Ser + Ser204Asp 
Gly 97Asp + Trpl06Phe 
Gin 59Asn + Glul56Asp 
Pro20lSer + Lys2l3Glu 
Serl62Glu + Gly202Gln 
Gly 65Ser + Gln206Asp 
Lys213Asp + Ala216Pro 
Val203Ala + Lys2l3Asp 
Ala216Thr + Tyr217Pro 
Glyl31Asn + Asn218Glu 
Tyrl04Glu + Glyl31Pro 
Glyl27Ser + Thrl58Asp 
Trpl06Gly + Serl32Asp 
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Asn 62Ser + Alal87Ser 
Serl63Asp + Phel89Ser 
Pro20lGln + Gly215Glu 
GlylOOGln + Tyr217Thr 
Serl30Glu + Glyl54 A sn 
Asp 60Glu + Tyr214Thr 
Asnl55Glu + Tyr2l7Gln 
pin2n^ ln + G1 y 10 2Asn 
Thr 66Ser + Glyl27Gln 
Leul26Glu + Ala216Thr 
Thr tie** + Asnl5 5Glu 

B 1- : ™- 

Ala216Asp + Tyr217Val 
Serl30Glu + Tyr217Leu 
vf? o^o SP + T y r 214Leu 
rf \n^ Ser + Ph el89Val 
GlylOOPro + Serl59As P 
AsnlSSGln + Ser204Glu 
Prol29Asp + Val203Ser 

Alal87Pro + Asn218As P 
r? \ Gly + S erl61Asp 
Gly202Pro + Al a2 16Gln 

Jhr *2c SP + G1 ^06Ser 
Thr 66Ser + Asn212Glu 
Ala2l6Thr + Tyr217Gln 
Ala200Asn + Tyr217Ala 
Asp 60Glu + Val203Prr> 

r? 2 S.« Sn + L ys2l3Glu 
Glyl02Asp + Val203Gly 
Serl30Asp + Alal33Thr 
Tyrl04Ala + Glyi66Ser 
Leu 96Met + Tyr217Asp 
fff, 1 ° 1 1 ? sp + Glyl02PrS 
SerlOlAsp + Thr220Pro 
Val 95Asn + Ala2l6Pro 
Tyrl04Asn + Prol29AsD 

Thr 66Glu + Tyrl04Pro 
Si + 99gL° 

Ser204Glu + Glv211Prn 
Pro210Glu + Gly219Se? 
Leul26Pro + SertJJSj 
Prol29Asp + Ala200His 
Hel07Gly + Gly215Pro 
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Thr 66Glu + Gln206Asn 
Asnl55Asp + Leu209His 
Gly2HAsp + Tyr217Val 
Ala216Asp + Thr220Gln 
Thrl58Gly + Ser204Asp 
GlylOOGlu + Ilel07Ser 
Ala 98Ser + Glyl54Asn 
Glnl03Asn + Ala216Glu 
Glyl54Gln + Pro210Gln 
Leul26Pro + Ala216His 
Ala216His + Tyr217Leu 
Glyl54Glu + Tyr217Ser 
Gly 97Ser + Tyrl67Thr 
Trpl06lle + Ala216Gly 
Glyl02Ser + Phel89Gly 
Glyl54Glu + Gly219Asn 
Lys213Glu + Ala216Pro 
Asn 62Asp + Leul26Ser 
Thr 66Gly + Gln206Glu 
Glyl57Pro + Val203Cys 
Gin 59Asp + Tyr214Ser 
Leu 96Met + GlylOOSer 
Ala 98Gly + Lys213Asp 
Asn 62Gln + Leu 96Asp 
Glyl27Asn + Gln206Glu 
Glyl60Pro + Gly219Asn 
Leu 96Thr + Tyr217Ala 
Trpl06Phe + Tyr217Thr 
Glyl3lPro + Lys213Glu 
Gly 65Gln + Asp 99Glu 
Glyl27Asn + Glyl28Gln 
Alal33Asn + Glyl54Asn 
Ser204Glu + Gly215Ser 
Glul56Asp + Pro210Ser 
Asp 60Glu + Gln206Ser 
Asn 61 Gin + Ala216Asn 
Pro210Asn + Asn212Asp 
Alal33Asp + Val203Asn 
Gly219Ser + Thr220Gly 
Serl91Asp + Val203Thr 
Glyl60Glu + Ala216Thr 
Serl62Glu + Ala216Gln 
Ala 98Gln + Tyr217Asn 
Val 95Asp + Gln206Asn 
Tyrl04Ser + Ser204Asp 
GlylOOPro + Phel89Gln 
Gly 97Asp + Tyr217His 
Gln206Ser + Gly211Asn 
Alal87Asn + Serl88Asp 
Ala 98Gly + Asp 99Glu 
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Thrl64Asn + Phel89Cys 
Val203Gln + Gln206Ser 
Trpl06Cys + Glyl57Ser 
Thrl58Ser + Glyl60Ser 
Serl88Asp + Tyr217Gly 
Glyl57Asn + Phel89Met 
Serl88Asp + Ala216Asn 
Glyl28Asn + Glyl66Ser 
Leul26Asn + Ala216Ser 
Glyl27Asp + Gln206Asn 
Gin 59Glu + Leu 96His 
Serl32Asp + Tyr217Ala 
Glyl66Ser + Gly219Glu 
Serl63Glu + Val203Met 
Ala 98His + Tyr217Met 
Ala 98Pro + Serl3 0Asp 
Glyl60Asn + Ser204Glu 
Gln206Asn + Gly215Asp 
Glnl03Ser + Serl30Asp 
Alal33Gly + Thr220Gly 
Serl32Glu + Ala216Gln 
Asn 61Gln + Hel07His 
Leul26Ala + Glyl31Glu 
Gln206Asp + Thr220Gly 
Gln206Glu + Tyr217Cys 
Glyl57Ser + Pro210Asp 
Glyl66Glu + Tyr214Gln 
Serl88Glu + Ala216His 
Thr 66Glu + Glyl66Gln 
Glyl02Pro + Glyl66Glu 
Val 95Gln + Tyrl04Ile 
Serl91Glu + Gly219Ser 
Asp 99Glu + Asn2l8Gln 
GlylOOAsn + Serl05Glu 
Glyl6 6Pro + Pro210Asn 
Gin 59Asn + Thrl64Ser 
Leul2 6His + Tyr214Ala 
Thr 66Pro + Lys213Asp 
TrplOSHis + Gly211Ser 
Tyrl67Leu + Ser204Glu 
Val 95Thr + Alal33Gly 
Ilel07Ser + Gln206Glu 
Phel89Tyr + Lys213Asp 
Gly 65Asn + Asn218Asp 
Tyrl67Val + Lys213Glu 
Gly 97Gln + Serl32Glu 
Asp 99Glu + Glyl02Pro 
Leul26Cys + Ala216Asp 
Leul26Cys + Glyl27Ser 
Serl91Asp + Ala216Asn 
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GlylOOGln + Glyl54Asp 
Asn 61Asp + Gly211Ser 
Serl61Asp + Phel89Leu 
Ile205Gln + Ala216Glu 
Asn 62Gln + Tyr217Leu 
Ilel07Met + Serl61Asp 
Leul26Ile + Tyr217Ser 
Ala 98His + Serl62Asp 
Asn 61Asp + Glyl28Ser 
Asnl55Glu + Gly215Gln 
Asnl55Gln + Ser204Asp 
Asnl55Glu + Thr220Gln 
Lys213Asp + Tyr217His 
Glyl27Pro + Ser204Glu 
Ser204Asp + Tyr217Ala 
Glul56Asp + Val203Gly 
Glyl27Glu + Alal33His 



GlylOOAsn 
Gly211Gln 
Alal87Asp 
Ala216Glu 
Ser204Asp 
Glyl31Ser 
GlylOOAsn 
Serl05Asp 
Ser2 04Asp 
Tyr214Met 
Ser 63Glu 
Ilel07Cys 



Glyl31Ser 
Lys213Asp 
Phel89Leu 
Tyr217Cys 
Ala216Thr 
Thrl58Asp 
Gln2 06Asn 
Glyl31Gln 
Tyr214Val 
Tyr217lle 
Thrl64Asn 
Ala216Pro 



Trpl06Gly + Gln206Asp 
Glyl02Asp + Thrl64Pro 



Asp 99Glu 
Lys213Glu 
Alal33Ser 
Asp 60Glu 
Asn 62Gln 
Tyrl67Ala 
Glul56Asp 
Glyl31Pro 
Lys213Glu 
Glyl60Ser 
Asnl55Ser 
Asp 60Glu 
Thrl64Gln 
Serl 62Asp 
GlylOOGlu 



Ala216Gln 
Ala216Gln 
Pro210Glu 
Tyrl04Asn 
Ilel07Cys 
Gly211Asp 
Tyr217ll e 
Leu209Pro 
Asn218Gln 
Val203Glu 
Tyrl67Ala 
Phel8 9Gly 
Gly219Ser 
Gln2 06Asn 
Tyrl04Asn 



Glyl60Pro + Gln206Ser 
Thr 66Gly + Ala216Gly 
Tyrl04Ile + Gly215Pro 
Pro201Gln + Ala216Thr 
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Glnl03Glu + Alal33Asn 
Serl63Glu + Phel89His 
Glyl27Ser + Tyr217ser 
Gln206Asn + Leu209His 
Pro210Glu + Ala216Gln 
Asn 62Ser + Gln206Asn 
Serl 61Glu + Gly219Asn 
Val203Gly + Asn212Glu 
Ala 98Glu + Leul26Met 



Vall65Gln 
Glyl54Ser 
Pro201Gly 
Serl6lAsp 
Asnl55Glu 
Leu 96Glu 
Thrl58Ser 
Ser 63Glu 
Val 95Asn 
Glyl02Asn 
Thr 66Gly 



Ser204Asp 
Ala216His 
Gly211Glu 
Gly219Gln 
Thr220Asn 
Ilel07Leu 
Gly215Ser 
Prol29Ser 
Serl63Glu 
Leul26Glu 
Ala216Pro 



Glyl57Ser + Thrl58Glu 
Ala 98Asp + Alal87Ser 



Asp 99Glu 
Thr 66Ser 
Glnl03Asp 
Thr 66Glu 
Glyl27Gln 
Phel89Ile 
Alal33Gln 
Serl30Asp 
Leul26Ile 



Thrl64Gln 
Serl05Glu 
Glyl54Pro 
Tyr217His 
Ser204Glu 
Tyr217Thr 
Lys2l3Asp 
Tyr217Thr 
Asn212Ser 



Glyl54Asn + Gln206Asp 
Thr 66Pro + Glul56Asp 
Glnl03Asn + Lys213Asp 
Phel89Met + Gln206Asp 
Leul26Asn + Glyl54Gln 
Pro2lOGly + Gly215Glu 
Leul2 6Val + Ala216Pro 



Gln206Ser 
Leu 96Asn 
Leul26Pro 
Val203His 
Tyrl67Ala 
Trpl06Asn 
Glyl27Ser 
Lys213Glu 
Val 95Thr 
Thrl58Gly 
Gly 97Pro 
Phel89Ile 



+ Tyr217His 
+ Lys213Asp 
+ Ala216Ser 

* Gly211Asp 
*■ Tyr217Asp 
^ Gln206Asn 
i- Serl61Glu 
>■ Gly219Asn 

- Thr208Gly 

- Ser204Glu 
■ Trpl06Tyr 

• Val203His 
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Leu 96Gln + 
Gln206Glu + 
Glyl54Ser + 
Serl32Asp + 
Prol29Gln + 
Ala 98Asn + 
Gly211Gln + 
Trpl06Cys + 
Leu 96His + 
Gly 97Asn + 
Asn 61Ser + 
Pro210Asn + 
Asp 60Glu + 
Thrl64Asn + 
Tyr214Val 
Leul26His 
Glyl28Gln 
Serl62Glu 
Gln206Glu 
Thrl64Pro 
Val203Ser • 
Gln20 6Asn ■ 
Ser 63Asp ■ 
Glyl02Gln - 
SerlOlGlu - 
Gin 59Ser a 
SerlOlGlu h 
Glyl31Asn h 
Glyl02Ser ^ 
Thrl58Ser 4 
Asp 99Glu 4 
Val 95Gly + 
Ala200Ser + 
Serl88Glu + 
Tyr214His + 
Thrl58Glu + 
Asnl55Gln + 
Thr 66Ser + 
Thr 66Gly + 
Serl05Asp + 
Glyl02Pro + 
Trpl06Gly + 
Asnl55Asp + 



Lys213Glu 
Ala216Thr 
Asnl55Glu 
Tyr214Asn 
+ Alal33Pro 
+ Glyl27Asp 
+ Asn218Asp 
+ Serl 63Asp 
+ Ala216Gly 
+ Ser204Asp 
+ Glyl57Asp 
+ Tyr217His 
+ Tyrl04Ala 
+ Ala200Gly 
Ala216Asp 
^ Ala21€Ser 
•■ Asn212Asp 
^ Gln206Ser 
i- Ala216Ser 
u Thr220Asp 
- Gly219Asp 
■ Gly219Asp 
• Ilel07Gln 
Val203Ala 
Vall65Gln 
Glyl66Glu 
Tyr217Ser 
Alal87Glu 
Tyr214Gly 
Thr22 0Glu 
Gly215Gln 
Thr22 0Asp 
Tyr214Val 
Ala216Asn 
Ala216Asp 
Phel89Asn 
Serl91Asp 
Leul26Ser 
Gln206Asp 
Tyr214Thr 
Thrl64Gln 
Pro210Gly 
Thr220Gln 



TABLE 23 



Multi-loop Triple Mutation Variants 

Leu 96Gly + Ser204Glu 



Gin 59Ser 

Asn 62Ser + Val 95Gln + Asn218A.sp 
Tyrl04Cys + Glyl27Gln + Lys213Glu 
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Thr 66Gln 
Asn212Ser 
Val 95Asp 
Asn 6lGlu 
Glyl60Asp 
Trpl06Asn ■ 
SerlOlAsp ■ 
Alal33Thr ■ 
Gin 59Asn 



^ u + Gly215Asn + Ala216Pro 
?i?i«S n + Ilel07Ala + Glyl57Glu 

^ r " + Val203 Cys + Tyr217Ser 
1 lu + Alal33Gly + Phel89Val 
Leu 96Asn + Asn212Ser + Tyr214Glu 

Trpi06Pro + Glyl57Glu + Tyr217ll e 
Leul26Asn + Serl88Glu 
Lys213Asp + Gly219Gln 
Leul26Ser + Asnl55Gln 
Thr 66Pro + Phel89Pro 
Glyl66Asn + AIa2l6Asn 
Glyl27Ser + Val203Asn 
Ilel07Ala + Gly202Ser 
Phel89Ser + Tyr214ll e 
rlu1 „T" Gly 97Asp + Tr Pl06Phe 
I^ifio« r ° + Pro210G1 y + Ala216Glu 
Glyl60Ser + Asn212Ser + Tyr217Thr 
Asn 62Gln + Gln206Asn yr ^ 17Thr 
Prol29Ser + Gly215Glu 
Ala 98Asn + Tyr217His 
Val203Gly + Gly21lGlu 
Glyl27Glu + Tyr214Asn 
TrplOSPro + Alal33Pro 
Val 95Ser + Glyl28Glu 
+ Glyl66Gln ■ 
*■ Glul56Asp - 
<- Thr208Pro i 
i- Glyl2BPro h 
i- Glyl02Asn i 

- Gln206Glu -t 

- Glul56Asp + 
• Ala216Thr + 

Pro210Asp + 
Ilel07Ser + 
Glyl54Gln + 
Leul26Pro + 
Ala216His + 
Tyrl67Thr + 
Trpl06lle + 
Phel89Gly + 
Glyl60Asp + 
Ala 98Gly + 
Glyl60Pro + 
Tyr217Ala + 
Lys213Glu + 
Glyl27Asn + 
Glyl54Asn 



Serl 59Asp 
Leu 96Val 
Alal33Gly 
Trpl06Asn 
Gly 65Ser 
Ala200Gln 
Glnl03Ser 
Gin 59Asn 
Glyl02Ser 
GlylOOGlu 
Ala 98Glu 
Glnl03Glu 
Lys213Glu 
Glyl54Glu 
Gly 97Ser 
Glyl02Ser 
Glyl57Pro 
Leu 96Met 
Glyl27Asn - 
Leu 96Thr ■ 
Trpl06Phe - 
Glyl02Glu h 
Alal33Asn ^ 
Asn 61Gln ^ 



+ Ala216Ser 
+ Tyr217Pro 
+ Thr220Gly 
+ Ala216Asn 
+ Ala216His 
+ Gln206Asp 
Tyr217Cys 
*- Gly219Gln 
i- Glyl57Pro 
i- Tyr214Pro 
► Val203Met 

■ Alal87His 

■ Tyr217His 

■ Ala216Ser 
Gly219Pro 
Tyr217lle 
Thrl58Gly 
Pro210Gln 
Ala216His 
Tyr217Leu 
Tyr217Ser 
Ala216Gly 
Gly219Asn 
Val203Cys 
GlylOOSer 
Gln206Glu 
Gly219Asn 
Tyr217Thr 
Glyl28Gln 
Serl61Asp 



Gln206Ser + Ala216Asn 
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Ser204Asp 
Ala 98Gln 
Gly 97Asp 
Gln206Ser 
Ala 98Gly 
Asp 99Glu 
Trpl06Cys 
Glyl57Asn 
Glyl66Ser 
Leul26Asn 
Leu 96His 
Ala 98His 
Ala 98Pro 
Serl30Asp 
Asn 61Gln 
Gln206Glu 
Glyl57Ser 
Val 95Gln ■ 
Tyrl04Ile ■ 
Asp 99Glu - 
Glyl3lGlu - 
Leul26His h 
Thr 66Pro h 
Trpl0 6His 4 
Val 95Thr 4 
Gly 97Gln 4 
Leul2 6Cys + 
GlylOOGln + 
Asn 62Gln + 
Leul26Ile + 
Prol29Glu + 
Glyl27Glu + 
Glyl31Ser + 
Glyl31Ser + 
GlylOOAsn + 
Gly 97Glu + 
Ilel07Cys + 
Trpl06Gly + 
Alal33Ser + 
Asn 62Gln + 
Glyl31Pro + 
Asnl55Ser + 
Asp 60Glu 
Glyl60Pro 
Thr 6 6Gly 
Tyrl04Ile 
Glyl27Ser 
Serl88Glu 
Asn 62Ser 
Ala 98Glu 



+ Gly219Ser 
+ Serl59Glu 
*■ GlylOOPro 
*■ Gly211Asn 
*■ Alal87Asn 

Thrl64Asn ■ 
^ Glyl57Ser ■ 
■ Serl8 8Asp - 

• Serl8 8Asp - 

• Glyl28Asn h 
Serl32Asp h 
Lys213Glu 4 
Serl30Asp 



Thr220Gly 
Tyr217Asn 
Phel89Gln 
Tyr217His 
Serl 8 8Asp 
Phel89Cys 
Gln206Ser 
Tyr217Gly 
Ala216Asn 
Ala216Ser 
Tyr2l7Ala 
Tyr217Met 
Glyl60Asn 



Alal33Gly + Thr220Gly 
Ilel07His + Asn218Glu 



+ Tyr217Cys 
+ Pro210Asp 
+ Glyl02Pro 
+ Serl91Glu 
+ GlylOOAsn 
+ Glyl66Pro 
+ Thrl64Ser 
+ Gly211Ser 
+ Tyrl67Leu 
+ Alal33Gly 
+ Glyl02Pro 
* Serl91Asp 
*■ Glyl54Asp 
^ Ala216Glu 
f- Serl61Asp 
k Asnl55Gln 
- Alal33His 
" Gly211Gln 
Thrl58Asp ■ 
Serl05Asp - 
Glyl60Gln ■ 
Lys213Asp i 
Gln206Asp h 
Lys213Glu H 
Ilel07Cys 4 
Leu209Pro 4 
Tyrl67Ala 4 
Thrl64Gln 4 
Ser204Glu + 
GlylOOAsp + 
Gly215Pro + 
Lys213Asp 4- 
Gln206Asn + 
Gln206Asn 4 
Leul26Met + 



Thr220Gly 
+ Tyr214Gln 
+ Glyl66Glu 
+ Gly219Ser 
+ Asn218Gln 
+ Pro210Asn 
+ Tyr214Ala 
+ Lys213Asp 
+ Ser204Glu 
+ Gln206Glu 
+ Serl32Glu 
+ Ala216Asn 
+ Gly211Ser 
Tyr217Leu 
*■ Tyr217Ser 
i- Thrl58Gln 
i- Val203Gly 
u Lys213Asp 

• Ala216Thr 
■ Gln20 6Asn 

• Thrl64Asn 
Ala216Pro 
Ala216His 
Ala216Gln 
Thrl64Asp 
Tyr217Ile 
Phel8 9Gly 
Gly219Ser 
Gln206Ser 
Ala216Gly 
Ala216Thr 
Tyr217Ser 
Leu209His 
Pro210Glu 
Val203Gly 
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Glyl54Ser + Serl61Glu + Ala216His 

Zr^ 1V + G1 * 211G ^ + Ala216?hr 
Serl 61Asp + Gly219Gln + Thr220Asn 
Asn 62Glu + Thrl58Ser + Gly215SeT 

Glyl27Gln + Ser204Glu + Tyr217Thr 
Alal33Gln + Phel89Ile + LysLlSp 
Serl30Asp + Asn212Ser + Tyr217Thr 

Thr 66Pro + Glnl03Asn + Lys213Asn 
Leul26Asn + Glyl54Gln + P^210Gl5 

Gln206Ser + Lys213Asp + Tyr217His 
Se'r IS 80 + Leul26P ^ + Ala216Ser 
rfwi^c SP + Tr P 106 Asn + Gln206Asn 
Glyl27Ser + SerlGlGlu + Gly2l9Asn 
G?i 111** + Thr208G ly + Lys213GlS 
Len llr,° + T p 106T y r + Asn218Glu 
Leu 96Gln + Phel89ll e + Val203Hi* 
Serl32Asp + Alal33Pro + Tyr214Asn 
Ala 98Asn + Glyl27Asp + Gly21lGln 

Pr^fn? iS + Gly 9?Asn + Ala2l6Gly 
Pro210Asn + Gly215Glu + Tyr2l7His 
Asp 60Glu + Tr P 106Tyr + piol29Gln 
+ Phel89V ^ + Sn218A^p 
S£i?2J? P + Thrl64 Asn + Ala200Gly 
^i^ ls + Gln206Asp + Ala2l6Se? 
Ser 63Asp + Ilel07Gln + Val203Ala 
SerlOlGlu + Glyl02Gln + Vall65Gln 
Asp 99Glu + ThrlSSSer + GlyilfciS 
Ala200Ser + Ser204Glu + Ty£Il4Val 

Thri^ n + Thrl58G ^ + Phel89Aln 
Thr 66Gly + Serl05Asp + Tyr214Thr 

Trl^° + Th *"«GlS + P?o210G^ 
S?i2f^ y + Asnl55A sp + Thr220Gln 
??5f?!S y + Alal87G1 * + Ser204Glu 
Glyl54Gln + T y rl67Gys + Ser204Glu 
Asp 60G1U + Ala 98His + Glyl02Pro 

llZlllr,* + Ile205Val + Ala2ielsp 
Glyl28Gln + Vall65Cys + Gly21lGln 
Gly 97Asn + Ilel07Gln + Glyl66GlS 
Glyl60Asp + Glyl66Pro + Tyr214lle 
Glv,^* + "y^Ser + Asn218 G in 
«?f r + Vall65H " + Ser204Glu 
r?5i Sd 1u + Prol29s er + Tyr217Gly 
+ Thrl58 Ser + L^s213Gl^ 
5£ + G1 y 215Ser + Ala216Asn 

Thr 66Pro + Asp 99Glu + Tyr217Cvs 
TrplOBMet + Alal87Ser + Tyrllllle 
Ilel07Thr + Glul56Asp + TyrilTCys 
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Leul26Pro + Glyl31Asn + Tyr217Leu 
Tyrl67Has + Gly219Pro + Thr220Glu 
v*J lll TO + Tr P 106 He + Tyr217Gly 
v£ + G f n206Asn + Lys213GlG 

Val 95Ala 4 Alal87Ser 4 Tyr217Glu 
Asp 60Glu + Asn 62Gln + T £l67lle 
g;j;S? a + ^^"Gly + Gln206Ser 
Glyl02Gln 4 Trpl06His + Serl63Glu 

GlylOOPro + Gly202Gln 4 Ala216Ser 

?h^^r^ + I | el07Th ^ + Glyl31Pro 
' ^ + Glyl31Asp + Phel89Ser 
Glnl03Asn 4 Alal87Ser + Ser204Glu 
Asp 60Glu + Thrl64Pro + A^ieSer 
Gin 59Glu + Asn212Ser 4 Tyr217Ser 
Asn eiGlu + Glyl66Gln + Gly215Pro 
Asn 62Gln + Glyl60Gln + Gly219s" 
SerlOSGlu 4 Tyrl67Ala + Tyr217SeJ 
GlylOOSer + AsnlSSSer + TyTilT^n 
Gly 97Pro + Leul26Ala 4 GlylS^n 

Itn ll* SP + Alal87p ^ + Gln206Asn 
Gin 59Asp + Gln206Asn + Tyr217Il e 
Glnl03Asn 4 Ilel07Asn 4 Alal33Ser 
rll'llr^ + P '°"»»n + Ala216Lp 
^ fSSJ U + Tr P 106 Ala 4 Alal87Se? 
Asp 60Glu 4 Gly 65Asn 4 Tyr214Ser 

I;f^ ASP + G1 y 15 ^ * Ala216^r 
Asn 62Asp + Ile205Thr 4 Gln206Ser 
Gly 65Pro 4 Val 95Asp 
Glyl02Ser 4 Lys2l3Asp 
Tyr217Pro 4 Asn218Ser 
Glyl27Ser 4 Thr220Asn 
Glyl54Gln 
Trpl06Val 
Ilel07Gln 
Lys213Glu 
Gln206Glu • 
Pro210Asn • 
Ile205Asn • 
Gln206Ser 



Gin 59Asn 
Val 95Ser 
Ala216Pro 
Ser 63Asp 
Gly 97Asn 
Ala 98His 
Glyl02Asn 
Ilel07Val 
Tyrl04Leu 
Pro201Asn 
Glyl66Asn 
Ala 98Ser 
Alal33His 
Ala 98Glu 
Leu 96lle 
Tyrl67Thr 
Leu 96Gln 
Glyl27Glu ■ 
Glyl60Ser ■ 
Tyrl04Ser - 
Asn 62Ser - 



Ala2l6Asn 
Ala216Gln 
Serl62Asp 
Ala216Ser 
Thr220Asn 
Gly211Gln 
Ala216Thr 
Gly215Ser 
Serl88Asp 4 Tyr217Gly 
■ Glyl31Pro 4 Glyl57Pro 
Sen 88Asp 4 Val203His 
Gln206Ser 4 Tyr217His 
Serl 61Glu 4 Ala216Thr 
Thrl58Pro 4 Pro201Gly 
Lys213Glu 4 Ala216Ser 
Leul26His 4 Tyr214His 
Glyl60Glu 4 Ala216His 
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rfvi^r Thrl64 Ser + Ser204As P 
Glyl31Gln + Phel89ll e + Val203Asn 
Asp 60Glu + Gly 65Gln + Thr 66Asn 

r?v ain + VaI 95G1 V + Gln206Asn 
rlr til™ + G1 y 154 Asp + Asn218Gln 
Thr 66Pro + Leu 96Val + Ala?i*P^ 
Gly 97Asn + Asnl55G?u t ¥yr 214 V al 
Tyrl04Ala + Tyrl67Glu + Alall6P?o 
Alal^5 Sn + 5f n218 Glu + Thr220G" 
Alal33His + Thrl64Gln + Glyl66Ser 
Leul26Gln + Serl59Glu + Glyl60As^ 
Asn 61 Asp + Asn 62Asp + GlJl28s2r 
Thr 66Pro + GlylOOGlu + Serl0ir?n 
Ser204Glu + Ile205Gln + aKi^" 
Ser204Asp + Ala216Glu + Tyr217cis 
G e i T Jnii SP + Ala216 Asp + Th^220Gln 
Glv2n??f n + Ser204 Glu + Ala216Glu 
Gly202Gln + Ser204Glu + Asn21 ttZZZ 
Ser204Glu + Gln206As P + aKIJSS 

Tyrl67Ala + Ser204Asp + Tyr217AS 

Gly211Asp + Lys213Glu + Tyr217Pro 

Asp 60Glu + Asn 62Asp + Tyr217L*ii 
Glyl60Glu + Serl62Glu + AlalSh? 
Ser204Glu + Gln206Asp + ^217Leu 
irJnnr 1U + Gln206 Glu + Alf216Th? 
Ilel07Cys + Ser204Glu + Gln20firi,, 
Ser204Glu + Gln206Glu + Gly215Asn 

™ r rAH SP + Serl63 *sP + villus 
Thr 164 Pro + Gln206Glu + Tyr 2 1 7Asd 
Asp 60Glu + Gln206Asn + p£o210aS 
Asp 60Glu + Tyrl04Asn + Pro^l^u 
strAlri U + Val2 °3Glu + Asn218Glu 
?Ki?2? 1U + G1 y 166G ^ + Phel89Tyr 
Thrl58Asp + Serl62Glu + Gln20fiq;; 
Glyl54Asp + Val203Ser + fly 219 ltl 
SerlBBGlu + Serl9lAsp + aiSibaS 

Th?lL°? 1U + Gly 97G ^ + Asp 9 6 Slu 
Thrl64Pro + Ser204Glu + Gly219Glu 

sl P r^ U + G1 y 102 *sp + Ala21^n 
Ser204Glu + Gln206Asn + Gly215AsD 
Ser204Asp + Gln206Asp + Tyr214As^ 
Thr 66Asp + Gly211GlS + Lys213Asp 
Serl OlGlu + Leul2 6Glu + T^IlSfs 

AsS SS U + T LeU 96G1U + nel07Leu 
Asp 60Glu + Leu 96Glu + Glyl66Pro 
SerlOlGlu + Glyl27Glu + AlalBllln 
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Ser 63Glu 
Ser 63Asp 
Serl05Glu 
Ser204Asp 
Ser204Glu 
Asp 99Glu 
Ser 63Asp 
Thrl58Gln 
Gln206Glu 
Glyl57Asp 
Ser 63Glu 
GlylOOGlu 
Glyl54Glu 
Val 95Gly 
Gin 59Asn 
Ser204Glu 
Alal87Asp 
Ser 63Glu • 
Asn 61 Asp ■ 
Prol29Glu • 
Ser 63Asp - 
Gln206Asp n 
Glul56Asp h 
Ilel07Glu ^ 
GlylOOAsn ■* 
Glnl03Asp 4 
Serl30Asp 4 
GlylOOAsp 4 
Prol2 9Asp + 
Val203Asp + 
Serl32Asp -f 
SerlOlGlu + 
Ala 9 8 Asp + 
Ser204Asp + 
Glnl03Asp + 
Serl32Asp + 
Ala 98Glu + 
Ser204Asp + 
Ser204Glu + 
Serl 62Asp + 
Glyl28Glu + 
Asp 60Glu •+ 
Asp 99Glu + . 
Glnl03Ser + 
Phel8 9Asp + 
Asn 61 Asp 
Thr 66Glu 
SerlOlGlu 
Glyl57Glu 
Asp 99Glu 



Glyl31Asn + 
Phel89Leu + 
Serl32Glu + 
Ala216Glu + 
+ Lys213Asp + 
+ SerlOlAsp + 
+ Pro210Glu + 
+ Gln206Asp + 
+ Lys213Glu + 
+ Tyr214Gly + 
+ GlylOOSer + 
+ Glnl03Asp + 
+ Serl63Asp + 
+ Lys213Asp + 
+ Leul2 6Glu + 
+ Gln206Asp + 
+ Ser204Glu + 
+ Ser204Glu + 
+ Ser 63Asp + 
+ Asnl55Glu + 
+ Ilel07Leu + 
+ Pro210Asp + 
+ Serl63Glu + 
+ Glyl31Ser + 
+ Gly211Asp + 
*■ Glyl27Glu + 
»■ Glyl31Asp + 
SerlOlGlu + 
Serl30Asp + 
^ Ser204Glu + 
- Ala216Glu + 
■ Alal87Glu + 
Asp 99Glu + 
Gln206Asp + 
Glul56Asp + 
Ser204Glu + 
Ser204Glu + 
Lys213Asp + 
Gly211Asp + 
Glyl66Asp + 
Glyl66Glu + 
Asn 62Glu + 
SerlOlAsp + 
Gln206Glu + 
Pro210Asp + 
SerlOlGlu + 
Glyl66Gln + 
Ser204Glu + 
Ser204Glu + 
Ser204Asp + 



Lys213Glu 
Lys213Glu 
Tyrl67Gly 
Thr220Glu 
Gly215Asp 
Tyrl04Asp 
Tyr217Glu 
Lys213Asp 
Ala216His 
Thr220Asp 
Tyr217Asp 
Gln206Asn 
Val203Met 
Ala216Glu 
Prol29Glu 
Lys213Glu 
Gln206Glu 
Ala216Asp 
Ala216Glu 
Serl63Asp 
Asn212Asp 
Asn212Asp 
Gly219Asp 
Serl32Asp 
Gly215Glu 
Ala216Gln 
Lys213Glu 
Serl63Asp 
Tyr217Glu 
Lys213Glu 
Tyr217Glu 
Serl88Glu 
Ser204Asp 
Asn212Asp 
Serl91Glu 
Ala216Asp 
Ala216Glu 
Asn218Glu 
Tyr217Asp 
Asn212Ser 
Gln206Glu 
Ser204Asp 
Glyl54Glu 
Gly219Asp 
Lys213Glu 
Glyl28Asp 
Ala2l6Glu 
Gln206Asp 
Gln206Glu 
Gln206Glu 
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U + Ser204G ^ + Gln206Asp 
^i^ A f P + G1 y 102 Ser + Sen OSAsp 
fp^n? 1U + Serl63 Asp + Gln206Asp 
!^n?? P + Serl32 Glu + Asn212Gl£ 
Serl30Glu + Serl32Glu + Glyl60AsD 
Prol29Glu + Glyl31Glu + GlyilSGlS 

S£l!?S n + Thrl58As P + Glyl66GlS 
Serl32Glu + Gln206Glu + Tyr2 1 7Asd 

Sl S vl 3 6 ?r! U + f hel89H ^ + Asn212Gl? 
Glyl3lGlu + Lys213Asp + Gly215Glu 

Thrl58Glu + Serl62Asp + Gly219AsD 
Tyrl04Glu + Serl32Glu + Asn212Asn 
sir 63 9 ri U + G1U156AS P + Se?l59GlS 
I^iSp? U + Serl88As P + SerlSlAsp 
?o?f P + Serl9 lGlu + Ala216Asp 
Gin 59Glu + SerlSBAsp + Serl91AsD 
Ser204Glu + Lys213Glu + G^yil^u 
Asp 60Glu + Ser204Asp + Gly219Asn 

Thrl64Glu + Serl88Glu + Gln2 0ficic»^ 

sl P rl 6 0°£ 1U + Gln206G ^ + Lys2i°3Asp 
SerlOBAsp + Leul26Glu + Thr220Asn 
Asp 99Glu + Glul56As P + SeSSs? 
Glvlf?r^ + ^ 62ASP + Alal87GlS 
A«ilS^ U + Val203As P + Gln206Glu 
Thr U + Alal87 Glu + Lys213Asp 

Thr 66As P + Ser204Glu + Lys213As£ 
sir Ai SP + SerI88 Glu + Asn218Glu 
il^n? ASP + Serl05As P + Lys213A S p 
fi^^ ASP + Serl32 Slu + Gln206Glu 
f~ *??? P + Gly 97ASP + A snl55Asp 
?S^llSi U + S f rl01As P + Ser 1 05Asp 
Thrl64Glu + Gln206Glu + Lys213Glu 

gJvi?i 6 S U + Gln206As P + Lys213Asp 
ttrllt + Gln206As P + Lys213Asp 
Ser 63Asp + Trpl06Asp + Tyr217Gln 

sir llr, L ys213Asp + Ala216Asp 

L^i?f 1U + Gln206As P + Gly215G?n 
Lys213Asp + Ala216Asn + Tyr217Glu 

SSiS?f P + Alal87As P + slrlololu 
£l? U + Serl88 Glu + Asn218Asp 

Giving + Serl88 <Slu + Asn218Glu 
r^i?? ASP + Ser204 Glu + Thr220Glu 
?hr 66^ t Serl91Gl U + Lys213Asp 
Thr 66Glu + Gly 97Glu + Tyr217Cvs 
Glyl54Asp + Alal87Glu + Gly215Aso 

GSn^ + G1 y"«lu + Serl88G?S 
Glnl03Asp + Serl32Asp + Gln206Glu 
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Tyrl67His 
Asp 60Glu 
Glnl03Glu 
Asp 60Glu 
Glnl03Glu 
Ala 9 8 Asp • 
Serl88Asp - 



Serl91Glu 
Glul56Asp 
Glyl54Glu 
Asnl55Glu • 
Serl61Glu ■ 
Serl32Asp • 
Ser204Asp ■ 



Asn218Asp 
Glyl60Glu 
Asn218Asp 
Serl59Asp 
Serl91Asp 
Glyl66Glu 
Tyr214Val 



TABLE 24 



7T! Multi-loo p Quadruple Mutati on Variants 

G^12 J 7GL r I * ifU^pSGlyT-sirjoiGlir 



Glyl27Gln 
Asn 62Gln 
Asn 6lSer 
Leu 96Gln 
Thrl58Glu 
Gly 97Asn 
Leul26Thr 
GlylOOAsp 



Ilel07Ala + Gln206Asp + Tyr217Thr 

Glyl27Gln + GlulS6Asp + Thr220Asn 
Gly202Ser ♦ Gln206Se? + Thr220sJr 

" + L 5 ,s213As P + Ala216Ser 



Alal33Thr + Phel89Ser 
Asn 62Ser + Serl63Asp 
Ala 98Gln + Glyl02Asn 
Thr 66Ser + Leul26Glu 
Prol29Ser + Thrl64Gln + Ala216A^D 

Glyl57Ser + Gln206Glu + Tvr217cv«s 

Sn ?lS ln + T ^ 10 «l« + sillily 
Gin 59Asn + Gly 97Asn + Glyl54Pro 
Prol29Gly + ThrlSBAsn + Gln206Asn 
Ala 98His + Trpl06His + Gln^Ksn 
Ser204Glu 
Asn 62Gln 
Glyl54Pro 
Thrl64Asn 
Glnl03Asn 
Glyl54Pro 



Leul26Ile 
Gin 59Glu 
Prol29Gln 
Ser 63Glu 
Leu 96Met 
Trpl0 6Ala 
Asn 62Glu 
Thr 66Gly 
Glyl02Asp 
Leul2 6Met 
Leu 96Glu 
Serl3 0Asp 
Thr 66Gly 
Glnl03Asp 
Leul2 6Pro 
Prol29Ser 
Glyl28Gln 



Tyr214Ile + Ala216Glu 
Phel89Ser + Pro201Gln 
Pro201Asn + Gly2l9Asp 
Glyl27Gln + Ala216Thr 
Tyr217Val 
Asn212Asp 
Thr220Gly 
Gly219Ser 
Asn218Ser 
Gly211Pro 
Lys213Asp 
Tyr217Thr 
Val203Ala 
Lys213Glu 
Pro210Asn 
Ser204Glu 
Gly219Pro 



Gln20 6Asn 
Phel8 9Leu 
Alal87Thr 
Gln206Ser 
Alal33Ser 
_ - Alal87Asn t bivi!i9Pm 

Gl^na" + G1 y"^» + Asn2i e sl? 
GlylOOAsp + Tyrl04lle + Ala216Glv 
- Pro201Gln + Gly215Pro - - a ' lbG1 y 

■ Val203Gly + Asn212Glu 

■ Ilel07Leu + Thrl58Ser 
Alal33Gln + Asn212Ser 
GlylOOSer + Leul26Gly 
Tyrl04Ile + Glyl28Gln 
Ser204Asp + Gln206Asn 
Glyl57Asn + Thrl64Glu 
Vall65Cys + Gly211Gln 



Ala2l6Thr 
Gly219Asn 
Gly215Ser 
Tyr217Thr 
Ala2l6Glu 
Tyr2l7Cys 
Thr208Asn 
Ala200Ser 
Lys213Glu 



WO 95/30010 



PCT/US95/03176 



Glnl03Ser + Glyl66Asn 
Asn 61Asp + Tyrl04Ser 
Gly 65Gln + Glyl31Gln 
Asn 62Gln + Thr 66Asp 
Thr 66Pro + Gly 97Pro 
Val 95Pro + Tyrl04Gly 
Asp 99Glu + Trpl06Ala 
Asn 61Gln + Val 95Asp 
Ilel07Gln + Val203Ser 



Val 95Thr 
Thrl58Pro 
Trpl06Pro 
Glyl02Asn 
Glyl60Asn 
Ilel07Ser 
Glnl03Asn 
Asn 61Ser 
Tyrl04Gly 
Glyl02Pro 
Asn 6lSer 
Thrl58Asn 
Gly 65Gln 
Glyl28Asn 
Leul2 6Asn • 
Thr 66Ser ■ 
Glyl02Asn • 
Serl32Glu , 
Asn 62Glu h 
Thr208Pro h 
GlylOOGln ■» 
Tyrl04Asp -f 
Leu 96Gln -f 
Glyl28Asn + 
Glnl03Ser + 
Leul2 6Ser + 
Thrl64Gly + 
Serl 59Asp + 
Gly 65Asn + 
Glnl03Asn + 
Glyl28Glu + 
Ala 98His + 
Glyl28Ser + 
Glyl27Gln + 
Glyl57Asn + 
Thr 66Ser 
Leu 96Thr 
Asn 61Ser 
GlylOOSer 
Leu 96His 
Asn 62Glu 



Tyr214Ile 
Leul26His 
Phel89ll e 
Val 95Gly 
Glyl54Asp 
Glyl27Ser 
Pro201Gln 
Glyl02Asn 
---- ■ Ser204Asp 
Gly202Gln + Ser204Asp 
Val203Gly + Lys213Glu 
Asnl55Asp + Gln206Ser 
Tyrl67Ala 
Pro210Glu 
Asnl55Glu 



+ Glyl57Ser 
<■ Val203Thr 
Glyl28Asn 
► Prol29Gly 
i- Ser 63Asp 
^ Prol29Ser 
- Glyl31Asp 
" Val 95Gln 
Alal87Gly 
Gly 97Pro 
Serl59Glu 
Asnl55Gln 
Tyrl04Val 
Glyl28Gln 
Thrl58Gln 
Leu 96Ile 



Glyl66Gln 
Thr 66Gly 
Gln206Ser 
Asnl55Ser 
Ser204Asp 
Tyr217Ala 
Serl30Glu 
Pro20lSer 
Gly202Gln 
Glyl54Glu 
Serl6lGlu 
Thrl64Asn 
Gly21iser 



Pro210Gly + Ala216Thr 
Glyl60Asn + Pro20lGly 
Glyl54Pro + Alal87Asn 
Leul26Thr + Serl62Glu 
Alal87Pro + Pro20lGly 
Glyl57Glu + Thrl58Gln 
Thrl64Glu + Val203Pro 
Val203Met + Ala216Asp 
Val203Asn + Ile205Asn 



Gln206Asp 
Ilel07Cys 
Asnl55Gln 
Serl62Glu 
Thrl64Asn 
Glyl57Ser 
Gln206Asn 
Alal33Thr 
Glyl31Asp 
Serl32Glu 
Tyrl04Ala 
Ala 98Glu 
Glyl28Gln 



+ Ala216Gly 
*■ Thrl64Asp 
*■ Thrl58Ser 
i- Gln206Asn 
i- Ser204Glu 
- Serl59Asp 

• Tyr217Val • 

• Serl63Asp ■ 
■ Gln20 6Asn ■ 

Gly21lSer - 
Ser204Asp i 
Prol29Gln h 
Alal87Asn h 



+ Gly215Pro 
+ Tyr214His 
+ Val203Asp 
+ Gln206Asn 
+ Ala216Pro 
+ Gly215Asp 
+ Ala216Gly 
+ Alal87Asn 
+ Gly215Ser 
+ Ala2l6Asn 
+ Tyr217Ser 
+ Tyr214Ala 
+ Ala216Asn 
+ Asn218Gln 
+ Ala216Gly 
+ Thr220Gly 
+ Glyl54Ser 
+ Gly219Ser 
+ Tyr217His 
+ Ala2l6Gln 
+ Gly219Asp 
+ Pro210Asn 
+ Tyr217Val 
+ Asn212Ser 
+ Gly2l5Asn 
+ Tyr217Met 
+ Gln206Asn 
+ Gly2l9Ser 
+ Tyr2l7Met 
+ As n2 12 Asp 
*■ Val203Ser 

► Tyr217Val 
Ser204Glu 

► Ala2l6Gln 

■ Gly21lGln 

■ Tyr217Gln 

■ Pro210Ser 
Tyr217His 
Val203Thr 
Glyl60Ser 
Tyr217Gly 
Tyr217Gly 
Tyr217Val 
Gly2l9Pro 
Thr208Gln 
Ala216Gly 
Asn218Gln 
Gly211Gln 
Alal33Asn 
Gly2l5Ser 
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Leu 96Ile 
Asn 61Gln 
Leu 96Cys 
Trpl06Ala 
Asn 61Ser 
Tyrl04Gly 
Alal33Ser 
Tyrl04Ser 
Gin 59Asn 
Ilel07His 
Glyl27Ser 
Leul26Gly 
Thrl58Gln 
Asn 61Gln 
Asn 6 2 Asp 
Asp 60Glu 
Glnl03Glu ■ 
Ilel07Thr ■ 
Tyrl04His - 
Gin 59Asn - 
Thr 66Gln n 
GlylOOAsn h 
Asn 62Ser -t 
Leul26His -f 
SerlOlGlu 4 
Asn 62Gln + 
Tyrl04Gln + 
Gin 59Ser + 
Leu 9€Pro + 
Serl59Glu + 
Asn212Glu + 
Thrl58Asp + 
Ala 9 8 Asp + 
Gly 97Pro + 
Glyl02Ser + 
GlylOOGln + 
Val 95Pro + 
Ser204Glu 4 
Gly 97Ser + 
Gly 97Asp 
Thrl58Gln 
. Glyl60Glu 
Asn 61Ser 
Thrl58Asp 
Val 95Asp 
Asn 62Glu 
Ser204Asp 
Glyl54Asn 
Thr 66Gln 
Asp 60Glu 



Glyl57Ser + 
Val 95Thr + 
Glyl28Pro + 
Glyl31Gln + 
Ala216Gln + 
Serl05Glu + 
Phel89Thr + 
Thrl58Gly + 
Thr 66Asn + 
Glyl57Ser + 
Gln206Asp + 
t Glyl31Glu 
+ Lys213Glu 
+ Leul26Gly 
+ Prol29Gly 
+ Val 95Gln 
+ Ilel07Val 
+ Prol29Gln 
+ Glyl54Gln 
+ Trpl06Cys 
+ Gly 97Ser 
+ Ser204Asp 
+ Ilel07Gly 
+ Glyl54Asp 
+ Glyl57Gln 
+ Serl62Glu 
+ Trpl06Gly 
+ Val 95Pro ■ 
+ Glyl60Asp ■ 
*■ Glyl60Asp ■ 
*■ Lys213Glu - 
^ Serl59Asp h 
y Asp 99Glu h 
u Glyl31Pro 4 
■ Trpl06Gln -t 
• Ser204Glu -f 
Ser204Glu 4 
Ile205Gln + 
Glyl54Asn + 
Ala 98Gln + 
Vall65Met + 
Serl62Asp + 
Thr 66Ser + 
Serl59Asp + 
Glyl02Glu + 
GlylOOAsp + 
Gln206Glu + 
Ser204Glu + 
Serl30Glu + 
Gly 65Asn + 



Val203Ala 
Glyl60Asp 
Serl91Glu 
Val203Ala 
Tyr217Leu 
Thrl58Ser 
Asn212Glu 
+ Thrl64Glu 
+ Thrl64Gly 
+ Lys213Glu 
+ Gly215Gln 
+ Tyrl67Met 
+ Gly215Ser 
+ Thrl64Ser 
+ Gln206Ser • 
+ Leul26Pro ■ 
+ Phel89Asn ■ 
+ Lys213Glu - 
+ Glyl57Asp n 
+ Ala200Thr h 
+ Glyl27Pro h 
+ Pro210Ser -» 
+ Leul2 6Cys 4 
+ Asn218Gln + 
+ Tyr214Pro 4 
+ Val203Ser 4 
*■ Leul26Asp 4 
<■ Gly202Asn 4 
^ Serl6lGlu + 
► Tyrl67Gly 4 
^ Ala216Ser 4 
■ Gly215Asn 4 

• Thrl64Gln + 

• Glyl54Asp 4 
Glyl57Glu + 
Tyr214Ile + 
Ala2l6Gly 
Pro210Gly 
Gln206Asp 
Asp 99Glu 
Gly21lGlu 
Tyrl67ll e 
Asnl55Glu 
Thrl64Asp 
Alal87Pro 
Thr208Asn 
Gly211Gln 
Gln206Asp 
Serl32Asp 
Thr 66Glu 



Ala216Ser 
Ala216His 
Thr208Asn 
Tyr214Gln 
Gly219Asn 
Leu209Thr 
Tyr217Thr 
+ Ala216Pro 
+ Alal87Pro 
+ Tyr217Asn 
+ Tyr217Leu 
+ Thr220Gln 
+ Tyr217Gly 
+ Asn218Asp 
+ Ala216His 
+ Val203Thr 
+ Ala2l6Thr 
+ Tyr217Thr 
+ Tyr217Ser 
+ Ala2l6Gln 
+ Tyr217Asp 
+ Tyr214Gly 
+ Thr220Gly 
+ Thr220Asn 
+ Ala216His 
+ Ala216Thr 
*■ Asn212Gln 
h Tyr217Ser 
► Glyl66Asn 
Phel89Val 
' Tyr217Gln 
■ Ala216Thr 
• Alal87Ser 
Asnl55Asp 
Phel89Asp 
Ala216Glu 
Asn218Glu 
Asn218Asp 
Gly215Asp 
Glyl54Ser 
Lys213Glu 
Gly219Ser 
Glyl57Asp 
Gly211Asn 
Tyr217Pro 
Tyr217His 
Ala216His 
Tyr217Thr 
Thrl58Pro 
Tyr214Ser 
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Thrilp? 1U + Gln206Ser + Pro210Glu + Gly2l9Ser 
Thrl58Asp + Serl63Glu + SerlSlGlu 4 iiltnlri*, 

T^°4^ P + G ^ 215G1 » + Ala216Glu + Gly219A^ 
Thrl58Asp + Alal87Asp + Phel89Glu + Tvr^vT? 
5 Glyl28Gln + Prol29Asn + Val20aAsp + IlallfiA^ 

?rnlO^ Sn + ^ el07G1 n + S«2oSS t GlyLlctu 
?fvi?^ Sn + G ^ 157Gln + Ser204As P + Gly219Asp 

: esse ; ss;gs ; --g 

Q^ SP + Gly 9?Gln + P ^°210Asp + GlyillGlS 

?iS?SSf P + Lys213As P + Ala216Glu + Tyr2l7Asn 
Glyl02Gln + Asnl55Glu + Val203Glu + aeSioV 

"> Asn 62Asp + Ser 63Glu + Glyl31Asn + itZti^ 

^ p : ; "sg^s : ^ | 

ss;iljliiiip 

s : suss ; So-iiss : s^ig 

S s : : asss : s» i 
. - : ggisss : as}-. : £ g 

Glyl57Pro + Serl88Glu + Ser204flln + aT = oi2,T P 

s2ri?orf r + Alal87A ^P 4 Gln206Glu + Ty^217AsD 

Serl59Glu + Asn212Gln + Glv215A*n + ai=on^f P 

?hf f£? P + r rl «^p + liSSS? * Tyr2 4Asn 

p™i?»? Tyrl67Gln + Gl n 206GlG + Gly21lVro 

ASM55G1U + Glul56Asp + Ser204Glu + Tyr214Thr 
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Gin 59Asp 
Leul26Pro 
GlylOOGlu 
Serl05Glu 
Glnl03Asp 
Val 95Gln 
Serl62Glu 
Asp 99Glu 
Ala 98Glu 
Asn 62Glu 
Asn 6lGlu 
Thr 66Pro 
Asp 60Glu 
Serl 05Asp 
Thrl58Asn 
Gin 59Asp 
Gly 97Ser 
Trpl06Asp 
Serl05Glu 
Gly 97Asn 
Val 95Asp 
Glnl03Asp ■ 
Glyl28Glu • 
Glnl03Asp - 
Serl59Glu - 
Gin 59Asn h 
Ilel07Glu n 
Serl59Asp h 
Asp 60Glu 4 
Asp 60Glu 4 
Leu 96Cys 4 
Val 95Glu + 
Ser 63Asp + 
Tyrl04Asp + 
Glyl54Pro + 
Glyl02Glu + 
Asnl55Gln + 
Glyl31Asp + 
Tyrl67Asp + 
Gly 97Asp + 
Glyl27Asp + 
Glyl02Glu + 
Gly 97Glu + 
Asn 62Glu + 
SerlOlAsp + 
Serl30Asp + 
Serl30Glu + 
GlylOOGlu + 
Gin 59Ser + 
Glyl27Asp + 



+ Serl62Asp + 
+ Serl62Glu + 
+ Val203Cys + 
+ Alal87Ser + 
+ Serl63Glu + 
+ Glul56Asp + 
+ Thrl64Gln + 
+ GlylOOGlu + 
+ Asp 99Glu + 
+ Ser 63Glu + 
+ Gln206Glu + 
+ Glnl03Asp + 
+ Ser204Asp + 
+ Ser204Asp + 
+ Serl62Asp + 
+ Glyl57Ser + 
+ Glyl28Glu + 
+ Val203Cys + 
+ Alal87Thr + 
+ Asnl55Glu + 
+ Trpl06Glu • 
*■ Trpl06Glu ■ 
Serl30Asp - 
«■ Serl05Glu h 
•■ Gly211Glu h 
i- Serl88Asp h 
i- Gly211Glu 4 
L Serl62Glu 4 
- Asn 62Asp 4 

• Ser 63Asp + 

• Glyl66Asp 4- 
Ala 98Asn + 
Tyrl67His + 
Thrl58Asp + 
Serl59Glu 4- 
Ser204Asp 4- 
Serl63Asp + 
Thrl58Gln + 
Ser204Glu + 
Alal33Gly + 
Ser204Glu + 
Glyl27Gln + 
Serl30Glu + 
Alal87Gly 4- 
Serl05Asp + 
Serl32Glu 
Serl32Glu 
Tyrl04Thr 
Glyl60Asp 
Prol29Glu 



Serl63Glu + Ala216Thr 
Serl63Glu + Tyr217Glu 
Asn212Asp + Lys213Glu 
Val203Glu + Ser204Asp 
Thrl64Glu 4- Pro201Gln 
Glyl57Asp 4- Lys213Glu 
Ala216Asp 4- Tyr217Glu 



Serl59Glu 
Trpl06Gly 
Prol29Ser 
Ala216Glu 
Glul56Asp 
Ala216Asp 
Gln206Ser 
*■ Ser204Asp 
i- Ser204Asp 
^ Gln206Glu 
u Ser204Glu 

- Ser204Glu 

- Serl63Glu 
■ Alal87Pro 

Glyl28Asn 
Serl88Glu 
Glyl54Glu 
Lys213Asp 
Gly211Glu 
Lys213Asp 
Pro210Glu ■ 
Serl91Asp • 
Ilel07Asn ■ 
Pro210Asp - 
Glyl02Glu h 
Ala216Glu H 
Serl91Glu 4 
Ser204Asp 4 
Gln206Glu 4 
Ser204Glu 4 
Ser204Asp + 
Gln206Glu + 
Ser204Asp + 
Gln206Glu 4- 
Asnl55Asp + 
Tyrl67Asp + 
Pro210Asp + 
Ala216His + 
Asn212Glu 4- 
Glyl60Asp + 
Serl30Asp + 
Gln206Glu + 
Serl88Asp + 



Ala216Thr 
+ Gly 154 Asp 
4- Asnl55Asp 
+ Tyr217Cys 
+ Ser 191 Asp 
+ Tyr217lle 
+ Ala216Glu 
4- Asn218Asp 
4- Asn218Asp 
+ Gly215Asp 
+ Tyr217Glu 
+ Tyr217Glu 
+ Tyr214Val 
4- Val203Asp 
4- Serl62Asp 
4- Ala216Gln 
4- Ala216Thr 
+ Tyr217Gly 
*■ Lys213Glu 
*■ Tyr217Gln 
>■ Ala216Asn 
i- Tyr217Leu 
^ Phel89Glu 
► Lys213Asp 

- Serl62Glu 

- Gly219Glu 
■ Asn218Ser 

Gln20 6Asp 

Tyr217His 

Gln206Glu 

Gln206Asp 

Tyr217Asn 

Gln206Asp 

Tyr214Asn 

Thr220Asp 

Tyr217Val 

Ala216Glu 

Tyr217His 

Ala216Gln 

Thr220Gly 

Serl32Asp 

Tyr217Asp 

Gln206Asn 
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S« 1 S?? SP + Thrl64Glu + Phel89His + LVS213G1U 
^tor, P + Gly 97Asp + Serl59Glu + Thr220Ser 

g gs : SiiSp- : i £ 

Val 95Asp + Glyi31Asn + Serl63Asp + Serl9ir?,i 

Asn 61Glu + Asp 99Glu + Ser204AsD + Tw r U 

Asn 6 2 Asp + Glyl66Ser + Ser204j£S t liloilr^ 

Glyl02Asp + SerlOSAsp + TyrieTA^a + f?? U 

A^n ^c 1U + Thr 66Asp + Tyrl04Pro 

fi y 2JSJ U + T y rl °4Glu + Serl30GlS 
Leul26Asn + Gln206Glu • 
Glyl54Pro + Glul56Asp ■ 
, - lm :r- ■ Alal33Glu + Alal87Glu ■ 
SerlOlGlu + Glyl54Asn 4 Gly211Glu + T^onr-i 



Asp 60Glu 
Ala 98Glu 
Glyl28Gln 



" Gly215Asp 
• Glyl66Asp 
Serl88Glu 
Asnl55Gln 
Lys213Asp 
Serl88Glu 
Serl9lAsp 
Tyr214Glu 



Gin 59Glu 
Ser 63Glu n 
Gin 59Asp -t 
Ser 63Glu -t 
Asp 60Glu + 
Trpl06Met + 
Ser 6 3 Asp + 
Glyl02Asp + Glyl57Asn 
Gin 59Ser + SerlOSAsp 
Glyl27Pro + Serl62Glu 



GlylOOGlu 
SerlOlAsp 
Thr 66Asp 
SerlOlGlu 
Val 95Ala 
Serl91Glu 
Glyl60Asp 



Gln206Glu 
i- Thrl64Pro 
i- Glyl3lSer 
k Tyrl04Val 
■ Alal33His 
• Lys213Glu 
Lys213Glu 
Lys213Asp 
Serl62Glu ■ 
Serl62Asp • 
Serl9lGlu 



Asn218Glu 
Gly211Asp 
Val203Pro 
Alal33Asp 
Ala216Glu 
Tyr217Ala 
Gly219Glu 
Ala216His 
Serl9lGlu 
Serl91Asp 
Asn212Asp 



lilllllill 

p 99Glu + + G1 " 2 °^ : 

Gln206Asp + Lys213Glu 
Serl63Glu + Pro210Gln 
Glyl57Asn + Serl63Asp 
Glyl57Asp + Lys213Glu 
Thrl58Glu + Lys213Asp 

Glyl54Pro ■ - 

Lys213Glu 
Thrl58Glu 



Serl 63Asp 
Glyl54Glu 
Glyl54Asp 
Glyl54Ser 
Glyl57Ser 
SerlOlGlu 
GlylOOAsp 
Asn 62Ser 



Thr 66Asn + Ilel07Val + 
Glyl57Asn + Pro201Gln 



Lys213Asp 
Ala216Asp 
Ser204Asp 



Tyr217Ala 
Tyr217Asp 
Ser204Glu 
Ala216Glu 
Ala216Asp 
Ala216Glu 
Tyr217Leu 
Thr220Asp 



Lys213Asp + Tyr2l7Asp 
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Gin t°** 1U t T Serl * 8Glu + Gln206Ser + Asn218Glu 

SerlOlG^ t p eU i?a? 1U + G1 y 131G1 ^ + Serl32Asp 
SerlOlGlu 4 Prol29Asp + Thrl58Asn + Val203Ser 



Ser 63Glu + Serl63Asp 
Glyl02Gln 4 Glyl60Glu 
Val 95Glu + Asp 99Glu 
Serl05Glu + Alal33Glu 
Glnl03Asp + Serl32Glu 
Asp 60Glu + SerlOlAsp 



Ala216Asp + Tyr217Gln 
Serl91Glu 4 Lys213Glu 
Gly215Glu + Asn218Gln 
Val203Glu + Asn218Gln 
Serl62Glu + Gln206Ser 
Thrl64Gly + Lys213Asp 



„i r ~ -"-map t o<Uj±y 4 Lvs213Asd 

xnrf P + ASP " G1U + GlnlOSAsn 4 Alal87Pro 
Asp 60G1U + Serl59Asp + Tyrl67Leu + Serl88A^p 
Serl63Glu + Gly211Glu + Ala216His 
Serl32Asp 4 Pro210Gly 4 Gly21lGlu 
^^n^ SP + Gln206 AsP + Gly219Asp 
?2f A f P + T y r21? Leu + Thr220Gln 
Glyl66Gln + Ala216Thr 



Asn 62Glu 
Asn 62Glu 
Glyl02Asn 
Serl88Asp 
Ser 63Glu 
Glnl03Glu 
Asp 60Glu 
Asnl55Gln 
Glyl02Asn _™ <I . 
Ala 98Asp + Glyl66Glu 
Asn 62Glu + Asnl55Ser 



Asp 60Glu 
Asp 60Glu 
Ser 63Glu 
Ser 63Glu 
Ser 63Asp 
Prol29Asn 
Prol29Asn 
Gly 97Gln 
Gin 59Asn 
Glyl27Pro 
Leu 96Pro 
Tyrl67His 
Asn 61Glu 
Gin 59Asp 
Glyl54Ser 
Leu 96Asn 
Ilel07Asp 
Gln206Glu 
Glyl02Glu 
Asn 62Glu ■ 
SerlOlAsp • 
Asp 60Glu ■ 
Glul56Asp - 
Prol29Glu - 
Prol29Asp h 
Serl05Glu 



Glyl3lGlu + Tyr217Thr 
Phel89His + Asn212Glu 
Gly215Glu + Tyr217Pro 
Leul26Glu + Serl30Glu 
Pro210Asp 
Lys213Asp 
Lys213Glu 
Lys213Asp 
Glnl03Asp 
Serl30Asp 
Serl91Asp 
Lys213Glu 
Lys213Asp 
Prol29Glu 
Phel89Asp 
Phel89Glu 

Serl30Glu . ._„^^ J „ J . y 
Asn212Glu + Asn218Asp 

Glyl57Asp + Glnlllslr 4 I^JsAsp 
Serl63Glu + Serl88Glu + Ser204Asp 
Serl30Asp + Serl88Asp + Ser204Glu 

S?fJ?J?f P + Ser204As P + Gln206Asn 
Ala216Gly + Tyr217Leu 4 Thr220Asp 
Leul2 6Cys + Serl30Glu 4 Tyr214Asp 
Lys213Glu 4 Ala216Gly 
Glyl54Asp + Serl62Asp 
Gln206Asn 4 Ala216Asp 
Pro210Asp 4 Tyr217Asp 
Gln206Glu 4 Tyr217Pro 
Lys213Asp 4 Tyr217His 
Glyl27Glu 4 Serl63Glu 



*- Serl05Glu 
Gln206Ser 
i- Gly 97Gln 
i- Val 95Ala 

- Ilel07Met 

- Serl30Asp 
■ Serl91Glu 

Glyl02Asp 
Serl 62Glu ■ 
Glyl28Glu - 
SerlOSAsp - 
Serl91Glu 
Thrl58Gln 



Glyl60Asp 
Trpl06Met 
Glyl02Glu 
Gln206Ser 
Serl59Asp 
Serl59Glu 
Trpl0 6Leu 



• Asn218Glu 
■ Thr22 0Glu 
Ala216Asp 
Gly219Asp 
Lys213Asp 
Tyr214Gln 
Tyr217Leu 
Thr220Gln 
Asn2 1 8Asp 
Gln20 6Asp 
Gln20 6Asp 
Gln2 0 6Asp 
Tyr217Glu 
Tyr217Glu 
Phel89Gln 
Ser204Asp 
Ser204Asp 
Alal33Gly 



Ser 63G1U ♦ SerlSOAsp ♦ t SJfJgg 
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Glyl31Asp + 
Ilel07Asp + 
Leul2 6Gly + 
Gin 59Asp + 
Asn 61 Asp + 
Serl05Asp + 
Ser 63Glu + 
Glyl57Pro + 
Leu 96Ile 4- 
Thr 66Gln + 
Tyrl04Cys + 
Asp 60Glu 4- 
Ilel07Asp + 
Gin 59Asp 
Val 95Gln 
Asn 62Asp 
Glnl03Glu 
SerlOlAsp 
Leul26Ile 
GlylOOGlu 
Glnl03Asn 



Serl63Asp 
Gln206Ser 
Serl30Asp 
Serl05Asp 
Serl05Glu 
Phel89Il e 
Glyl31Gln 
Thrl64Glu 
SerlOlAsp 
Leu 96Met 
Glyl60Asp ■ 
Serl30Asp ■ 
Serl91Asp - 
Val 95Asn , 
Tyrl04Cys h 
Gly 97Asn 4 
Ser204Asp 4 
Serl 62Asp 4 
Glyl2 8Asp + 
Glyl60Ser + 
Serl32Asp + 



+ Glyl66Asn 
+ Asn212Glu 
+- Glyl54Asn 
*■ Glyl66Gln 
t- Alal87Gln 
^ Lys213Glu 
>■ Ser204Glu 
- Gln206Asn 
■ Gln206Glu 
Tyrl67Glu • 
Ile205Pro • 
Pro201Gln - 
Gln20 6Asp i 
SerlOlGlu 4 
Lys213Glu 4 
Ala 98Ser 4 
Gln206Asn + 
Glyl66Ser + 
Pro210Ser + 
Glyl66Glu + 
Serl63Glu + 



+ Ser204Asp 
+ Ala216Asp 
+ Asn218Asp 
+• Ser204Asp 
*■ Ala2l6Gly 
Gly2l9Gln 
Gly219Asn 
h Lys213Asp 
■ Tyr214Ala 
• Serl88Glu 
Ala216Glu 
Ala2l6Gly 
Ala2l6Thr 
Serl63Glu 
Asn2 1 8Asp 
Serl62Glu 
Ala2l6Pro 
Tyr217Thr 
Asn2l8Glu 
Ala2l6Thr 
Serl8 8Asp 



TABLE 25 



Multi-loop Quintuple Mutation Variant 



Val 95Gln 
Asn 61Ser 
Leu 96Gln 
GlylOOGln 
Asn 62Ser 
Thr 66Ser 
Gly 97Asn 
Prol29Gly 
Gly 65Ser ■ 
Leu 96Met ■ 
Asn 6lGln - 
Thr 66Gly h 
Leul26ll e h 
Leul2 6Val 4 
Leu 96Asn 4 
Trpl0 6Asn 4 
SerlOlGlu + 
Asp 60Glu + 
Prol29Glu 4- 
Leu 96Ile 4- 
Asn 61Gln + 
Glyl60Asn. + 
Glyl28Asn + 
Gly 65Ser + 
Tyrl04Gly + 



+ Tyrl04Cys 
*■ Leu 96His 
Glyl27Gln 
I- Tyrl67Cys 
^ Trpl0 6Gly 
- Glyl27Gln 

■ Glyl54Pro 

■ Serl32Glu 
Gly 97Gln 
Glnl03Asn 
Trpl06Ala 
Tyrl04Ile 
Serl30Asp 
Gln206Ser 
Leul26Pro 
Glyl27Ser 
Glyl02Gln 
Ala 98Gly 
Glyl60Pro - 
Tyrl67Thr - 
Val 95Asp - 
Val203Thr h 
Asnl55Glu H 
Val 95Met 4 
Prol29Ser 4 



Glyl27Gln 
+ Glyl57Pro 
+ Glul56Asp 
+ Serl88Glu 
+ Serl32Asp 
+ Pro201Asn 
4- Gln206Asn 
+ Thrl58Asn 
+• Glyl28Ser 
*■ Alal33Ser 
»■ Gly2llPro 
*■ Gly211Glu 
>■ Glyl54Asn 
- Pro210Gly • 

■ Lys213Asp ■ 

■ Serl61Glu ■ 
Ilel07Gln - 
Ilel07Ser -, 
Glyl66Asn h 
Serl8 8Asp 4 
Glyl02Asn 4 
Pro210Glu 4 
Glyl66Gln 4 
GlylOOAsn + 
Serl63Glu + 



Lys213Glu 
+ Val203Asp 
+ Tyr214Ala 
+ Val203Gln 
+■ Alal87Ser 
<■ Ala216Thr 

Pro210Glu 
»■ Vall65Thr 
^ Lys213Asp 

■ Glyl54Pro ■ 

■ Asn218Asp • 
• Gly215Pro - 

Asn212Ser h 
Gly215Glu 4 
Ala216Ser 4 
Gln2 06Asn 4 
Vall65Gln 4 
Glyl57Ser 4 
Alal87Pro 4- 
Val203His + 
Glyl31Asn + 
Asn218Gln + 
Ala2l6Gly + 
Glyl31Asp + 
Gln206Ser + 



+ Ala216Pro 
+ Ala216Gly 
*- Thr220Asn 
»■ Ala216His 
i- Phel89Ser 
► Gly219Asp 
- Gly211Pro 

■ Gln206Asn 

■ Gl y219Gln 

■ Gly2l9Pro 
Gly219Asn 
Ala216Gly 
Tyr217Thr 
Ala216Pro 
Tyr217His 
Gly219Asn 
Val203Ala 
Thrl64Ser 
Gly202Ser 
Gln206Ser 
Alal87Asn 
Thr220Gln 
Thr220Gly 
Tyr214Gly*--_ 
Gly219Ser 
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Asn 61Ser 
Gly 65Gln 
Trpl06Ser 
Leu 96Met 
GlylOOGlu 
Asn 62Glu 
Glyl02Asp 
Serl32Glu 
Ala 98Pro 
Glyl27Pro 
GlylOOAsn 
Glyl57Asn 
Leu 96Thr 
GlylOOSer 
SerlOlAsp 
Thr 66Gly 
Thr 66Asn 
Glyl28Gln 
Alal33Ser ■ 
Tyrl04Ser • 
Gin 59Asn ■ 
Gly 97Gln - 
Thr 6 6 Asn - 
Asp 60Glu i 
Ilel07Asp h 
Val 95Ser h 
Trpl06Thr ^ 
Glyl28Pro -t 
Trpl06Gln 4 
Asp €OGlu 4 
Gin 59Asn 4 
Asn 62Ser + 
Asn 62Gln + 
Gin 59Asn + 
Thr 66Ser 4 
Glyl28Pro + 
Gin 59Ser + 
Glnl03Ser + 
Gly 97Pro + 
Leul26Asn + 
Glyl57Ser + 
Alal33Thr + 
GlylOOGln + 
Glyl27Asp + 
GlylOOGln + 
Glul56Asp 
Glyl57Gln 
Leul26Gly 
Leu 96Ser 
Asnl55Glu 



Val 95Gln 
Gly 97Pro 
Glyl28Asn 
Leul2 6Asn 
Thrl58Gln 
+ Leu 96Ile 
+ Tyrl67Ala 
+ Thrl58Pro 
+ Trpl06Pro 
+ Alal33Asn 
+ Trpl06Pro 
+ Ser204Asp 
+ Glyl31Asp 
+ Tyrl04Ala 
+ Prol29Ser 
+ Glyl02Asn 
+ Glyl02Glu 
+ Glyl54Asn 
+ Glyl57Ser 
+ Thrl58Gly 
+ Glnl03Asn • 
+ Glyl02Asp • 
+ Gln206Glu ■ 
+ Thr 66Gly - 
+- Glyl60Asn , 
t- Trpl06Cys h 
► Thrl58Ser h 

* Alal87Ser h 
i- Leul26Gly -f 
i- Val 95Gln 4 

• Trpl0 6Cys 4 

■ Ilel07Gly 4 

■ Thrl58Glu 4 
Asp 60Glu 4 
Asnl55Gln 4 
Phel8 9Met 4 
Asn 62Ser 4 
Glyl28Gln 4 
Prol29Gln 4 
Thrl58Gln 4 
Ser204Glu 4 
Phel89Ser 4 
Glyl54Asn + 
Glyl28Glu 4 
Trpl06Thr 4 
Thrl58Asp 4 
Val203Asp + 
Prol29Glu + 
Serl30Asp 
Glyl60Asn 



Ser204Asp 
Serl30Glu 
Serl59Glu 
+ Asnl55Gln 
+ Thr 164 Asn 
4 Gly 97Ser 
+ Pro210Gly 
4 Phel89Thr 
+ Glyl60Pro 
+ Thrl64Glu 
+ Glyl27Ser 
+ Gln206Asn 
+ Alal33Thr 
+ Thrl64Asp 
+ Phel89Val 
+ Tyrl04His 
+ Trpl06Gly 
+ Tyrl67Gly 
+ Phel89Thr • 
+ Thrl64Glu • 
+ Thrl64Gly ■ 
+ Glyl27Ser - 
+ Tyr214Ile h 
+ Leu 96Gly h 
+ Val203Pro h 
+ Vall65Gln h 
*■ Thrl64Pro 4 
»■ Gln206Asn 4 
Thrl64Ser 4 
Leul26Pro 4 
k Ala200Thr 4 

■ Leul2 6Cys 4 
• Val203Ser 4 

■ Trpl0 6Phe 4 
Val203Gln 4 
Val203Gly 4 
Leu 96Gly 4 
Ser204Glu 4 
Glyl57Asn 4 
Vall65Met 4 
Gln206Asp 4 
Ser204Asp 4 
Ser204Glu 4 
Glyl54Glu 4 
Serl30Asp 4 
Tyrl67Gly 
Ser204Asp 
Glyl31Glu 
Glyl66Glu 
Glyl66Glu 



Pro210Gly 
Glyl54Ser 
Pro20lSer 
Serl88Glu 
+ Gln206Asn 
+ Gly211Ser 
+ Ala216Thr 
4 Ala200Gln 
+ Ala216Asn 
+ Gly211Gln 
+ Lys213Glu 
+ Tyr217Val 
+ Gln206Asn 
+ Gly211Gln 
+ Pro201Asn 
+ Trpl06Thr • 
+ Glyl66Ser ■ 
4 Tyr217Leu ■ 
+ Gly202Asn 
+ Gln206Asn h 
+ Alal87Pro h 
+ Phel89Gln ^ 
+ Ala216Thr 4 
+ Ala216His 4 
+ Gly211Pro 4 
+ Pro210Gln 4 
*- Ser204Glu 4 
«■ Asn212Ser 4 
Val203Gln 4 
i- Glyl57Asn 4 
>■ Gly211Gln 4 
• Pro210Glu 4 

- Gly215Ser 4 

- Glyl54Gln 4 
■ Gln206Glu 4 

Ser204Glu 4 
Ser204Glu 4 
Gly211Asn 4 
Ser204Asp 
Gly211Glu 
Tyr217Cys 
Gln206Asp 
Gln206Asp 
Glyl57Asn 
Tyrl67Glu 
Pro201Gln 
Ala216Pro 
Tyrl67Met 
Ala216Gln 
Tyr217Cys 



Ala216Gln 
Pro210Asn 
Tyr217Val 
Gly202Gln 
+ Ala216Thr 
+ Gly219Ser 
+ Tyr217Met 
+ Tyr214Ala 
+ Tyr217Asp 
+ Tyr214Thr 
+ Tyr2l4Ala 
+ Gly219Pro 
+ Ala216Gly 
+ Thr220Ser 
+ Ala216Ser 
+ Alal87Asn 
+ Ala216Thr 
+ Asn218Glu 
+ Asn212Glu 
+ Ala216Pro 
+ Thr220Asp 
+ Tyr217Leu 
+ Tyr217Cys 
+ Tyr217Asn 
+ Gly219Asn 
*■ Tyr2l7Glu 
^ Thr220Pro 
► Gly215Asp 
Asn218Asp 

■ Val203Thr 

■ Ala216Gln 
Thr220Gly 
Ala216Thr 
Thr208Pro 
Tyr217His 
Ala216Glu 
Asn218Asp 
Asn218Glu 
Asn218Glu 
Lys213Glu 
Thr220Gly 
Tyr214Ile 
Tyr217Thr 
Phel89Ser 
Tyr217Thr 
Gly215Ser 
Gly219Asp 
Thr220Gln 
Tyr217Ile 
Thr220Asp 
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Asn 62Asp + Gly 97Gln 
Val 95Asp + Tyrl04Glu 
Glyl54Glu + Thrl58Asp 
Ilel07Leu + Glyl54Asp 
Trpl06Ile + Asnl55Ser 
GlylOOAsp + Leul26Asp 
Alal33Pro + Gln206Glu 
Thr 66Gly + SerlOlGlu 
GlylOOGlu + Glyl02Glu 
Leul26His + Alal87Glu 
Asp 60Glu + Leu 96Asn 
Leu 96Cys + Ilel07Ala 
Ser 63Asp + Thrl58Gly 
Gin 59Asp + Asn 62Asp 
SerlOlGlu + Glyl27Glu 
*■ Ser 63Glu 
^ Gly 97Asp ■ 
► Val 95Glu - 
^ Glyl54Glu - 

- Thr 66Ser i 

- Alal33Gln h 
• Gln206Asp h 

Glyl28Asn -t 
Val203Gly 4 
Glyl54Glu 4 
+ Prol29Gly + 
+ Ser204Glu + 
+ Lys213Glu + 
+ Ser204Glu + 
+ Asnl55Asp + 
+■ Gly215Pro 4 
*- Ser204Glu 4 
^ Alal87Ser 4 
Ser204Glu 4 
► Prol29Glu 4 

- Ser204Asp 4 

- Tyrl67Asp 4 
• Glul56Asp 4 

Glyl27Asp 4 
Ser204Asp 
Leul26Asp 

r . Gly 97Asp 

Serl59Glu + Asn212Gln 
Gin 59Asp 4 Asn 62Glu 
Glnl03Ser 
Val 95Glu 
Val 95Glu 

Ser 63Asp . U i yioUA5p 
Glyl60Asp + Serl61Asp 
Leu 96His + Trpl06Asp 



Asn 62Asp 
Asp 60Glu 
Asp 60Glu 
Glyl02Gln 
Asn 6lSer 
Prol29Asn • 
Asn 61Ser ■ 
Gin 59Asn • 
Phel89Gln - 
Ala 98His 1 
Leu 96Met h 
Gly 97Pro h 
Vall65Ser 4 
Serl9lGlu 4 
Glyl02Pro 4 
Asnl55Asp 4 
Glyl60Ser 4 
Ala 98Thr 
Glyl27Pro 
Leul26Met 
Serl OlAsp 
Val 95Ala ■ 
Asnl55Glu ■ 
Trpl06Pro 1 
Prol29Ser h 
Tyrl04Val h 
Leu 96Asp 



VS^tt Y Pro21 °Asp + Asn212Gln 
Ph^Rorf r + Asnl5 5Gln + Gln206Ser 
Phel89Glu + Gly215Asn + Tyr217Met 
Glyl57Glu + Val203His + Gly219Glu 
Gl^SS'f P + S * rl91G1 » + Ala216Thr 
rirlUtV + Prol29G l* + Thr220Ser 
Tyr214Ala + Asn218Glu + Gly219Ser 
Leul26Glu + Ala216Pro 
Asnl55Gln 4- Val203Ala 
Gln206Asp 4- Asn218Glu 
Gly211Glu + Tyr217Met 
Glyl57Asp 4 Glyl60Asp 
Tyr214Asp 4 Tyr217Asp 
Phel89Tyr 4 Tyr214Met 
Gln206Asn 4 Tyr217lle 



Tyrl04Ala 
' Glul56Asp 
Gly215Glu 
Glyl60Asp 



Glyl02Asn 
Tyrl04Glu 
Val203Glu 
Prol29Gln 
Alal33Pro 
Gln206Asp 
GlylOOGlu 
+ Alal87Gln 
+ GlylOOAsp 
+ Ala 98Glu 
+ Asp 99Glu 
+ Asnl55Glu 
+ Leul26Glu 
+ Phel89Ile 
+ Lys213Glu ■ 
+ Ala200Thr - 
+ Gln206Asp - 
+ Serl63Asp - 
+ Glyl54Glu H 
+ Lys213Asp h 
+ Tyr214Cys 4 
+- Gln20€Asp 4 
*■ Ala216Glu 4 
Ala216Glu 4 
f- Gln206Glu 4 
i- Ser204Glu 4 
>■ Gln206Glu 4 

■ Serl63Glu 4 

■ Gln206Glu 4 

■ Ser204Glu 4 
Thr 164 Asp 4 
Serl30Asp 4 
Gln206Glu 4 
Glyl57Asp 4 
Glnl03Asp 4 
Lys213Glu + 
Ser 63Glu 4 
Val203Asp 4 
Glyl57Asp 
Ala2l6Glu 
Serl61Glu 
Tyrl67Met 
Gln206Asn 



+ Glyl31Asn 
+ Phel89His 
+ Serl OlAsp 
+ Serl91Asp 
+ Asnl55Glu 
+ Gln206Glu 
+ Tyr217Ala 
+ Gln206Glu 
+ Lys213Asp 
+ Val203Met 
+■ Serl63Glu 
*■ Ala216Glu 
^ Ala216Glu 
i- Tyr214His 
^ Tyr217His ■ 

■ Tyr2l7Ser • 

■ Lys213Glu - 

■ Gln206Glu n 
Lys213Glu h 
Phel89Thr -i 
Ala216Asn 4 
Gln206Glu 4 
Ser204Glu + 
Asnl55Asp 4 
Pro210Asp 4 
Serl63Asp 4 
Tyr217Cys 4 
Gly215Asp + 
Prol29Ser + 
Gln206Asp 4 
Tyr214Gly 4 
Tyr217Leu 4 
Val203Ser 



Lys213Glu 
+ Gly211Glu 
+ Vall65Thr 
+ Gln206Asp 
+ Glyl57Asp 
+ Lys213Glu 
+ Gly219Asn 
+ Lys213Glu 
+ Tyr217Pro 
+ Tyr217Met 
4 Tyr217Ser 
* Gly219Ser 
h Tyr217Pro 
*■ Ala216Asp 
u Asn218Glu 

■ Asn218Glu 

■ Ala216Ser 

■ Lys213Asp 
Tyr217Ala 
Asn218Ser 
Tyr217Glu 
Tyr217Glu 
Tyr214Thr 
Gly219Gln 
Asn218Glu 
Thrl64Asp 
Gly219Asp 
Ala216Glu 
Asnl55Asp 
Lys213Glu 
Thr220Asp 
Gly219Ser 
Tyr217Cys 



Ser204Asp + Tyr217Ala 
Asn218Asp 4 Gly219Asp" 
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Serl05Glu + Alal87Ser + Va"l203Glu 
Asp 60Glu + Trpl06Asn + Val203Glu 
Glnl03Asp + Serl63Glu + Thrl64Glu 
\co Gln + G1 y 10 OAsn + Glul56Asp 
c Jnf Asp + Serl59 Asp + Ser204Glu 
rf 2^f P + Tr P 106 Glu + Thrl64Asn 
r G " f u + 60Glu + Tyrl04Asn 

Al? Spl SP + Serl6lG1 " + Serl 62Asp 
ri if? P + ASP 99Glu + Serl05Glu 



Ser204Asp 
Ser204Glu 
Pro201Gln 
Glyl57Asp 

Gly215Asn . A , i(tA ,^ y5 
Ala216Asp + Gly219Ser 
Serl9lGlu + Pro20lGln 
Gln206Ser + Tyr217His 
Thrl64Gln + Alal87 S er 



Ala216Gly 
Ala216Gln 
Ala216Pro 
Lys213Glu 
Tyr217Cys 



Val 95Thr + Glyl57Glu + SerlfiRrfS t * V S ?i 3Asp + Ala216Asp 
Tyriom. ♦ Asnl55Glu + + I J ^J«-P 



Glyl57Glu 
Asnl55Glu 



Glyl28Asp + G Tyl57Asn I P^Osfn t l^l^ + G1 V202Ser 
Asn 62Glu + Val 95Al£ + rf^nna Asn218Glu + Thr220Glu 

Glyl66Asp + Gi a n2ofse? : Gly^SP^ : Tvr217A^ U + T ^ 2 "Hi. 
Serl30Asp + Serl63Asp + Ty?167Se? + 2^l^ P + C1 y 219 **p 
Gly 97Pro + Serl32Asp + Thrl Sr?^ 1 f er l? 1Asp + Tyr217Met 
Glyl54Asp + Serl9?Asp I lyll^l t T^lllt^ + Ala2 ^Asp 
Asn 61Gln + Ilel07HiS + s^I^? ! Sf!"^ a + T yr217Asn 



Asn 61Gln 
Gin 59Asp 



Ilel07His 
Ala 98Glu 



Ser204Glu 
Glyl02Asp 



Glyl54Asn + Glyl60Ser 
Leu 96Glu + Ala 98Asn 
Serl62Glu + Thrl64Glu 



Lys213Glu + Asn218Glu 
Serl05Glu + Leu209Thr 
T hr220Gln 
Gln20 6Asp + Gly2l5Asp 
Gln206Glu + Gly215Glu 
Ala216Asp + Tyr217Glu 



tlri" + ^ " Glu T + Tyrl67Ala 



Glyl66Glu 
Tyrl67Asn 

Val 95As P + ilHoiA^ + Ztll*™ 1 * + Ala216A *P + Tyr217 G Iu 
Glyl54Gl£ + cijiSSS I Sp t S2?I? 1U + T ^20Asn 

Gly 97Glu + Asr> 9Qr.i„ ^ Glul^aS ! £ la2 iJSer + Tyr217 C ys 
T^^fJf? + ^ r L 6 ? Ala + Ala21€P?o 
Serl62Asp 
Lys213Glu 
Lys213Glu 
Lys213Asp 
Tyr214Ala 
Gly215Ser 
Asn212Glu 
Ala216His 
Gly219Ser 



Thrl58Ser 
Val203His 
Thrl64Glu 



Leu209Thr 
Gly211Glu 
Gly21lGlu 



Glnl03Glu + Serl05Glu 
Thr 66Gln + Thrl64Asp 

sfr^S? 811 + Glyl31Gln - — c^iu + Gly2UGlu 

+ T y rl04G1 y + Thrl64Pro ys ^ 13Glu 
+ Serl32A Sp + Glyl60Glu 
Glyl60Glu + Serl62Asp + Tyrl67lle 

SElSS" + 63ASP + Serl30Gi: 

Glyl54Glu + Glul56Asp + Pro210Glu 
" . Trpl06Gly + Glyl27Asp 
GlylOOGlu + Glyl57Asn 
Alal33Gly 



Serl05Asp 

Asn 62Glu J 

Asn 62Asp + Prol29Gly 
Asp 60Glu + GlylOOAsn 
Serl62Glu 



+ Thrl64Glu 



Pro210Asp 
Serl62Glu 

Ser204Glu . ^* Jtii , OCi . 
Gly202Gln + Gly215Ser 
Lys213Asp + Asn218Gln 
Glyl54Asp + Vall65Gln 
Glyl66Glu + Tyr217Leu 



Gly 97G1U + Seri30Glu i imniS ♦ ?vjli°7v S ? + ASn212Se 
=ly 97 ASP + se^o^p" + + &iS« 7 S„ y + + Serl61Glu + + ^fi^? 
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Ser 63Glu 
Serl30Glu 
Val 95Glu 
Thr 66Gly 
Asp 60Glu 
Leul26Val 
Asp 99Glu 
Val 95Asp 
Glyl54Asp 
Asn 62Glu 
Asn 62Glu 
Asn 62Asp 
Glul56Asp 
Serl59Glu 
GlylOOPro 
Glyl02Asp 
Asp 99Glu 
Val 95Cys ■ 
Leu 96Glu ■ 
Glyl27Pro - 
Ser 63Glu - 
Ser 63Glu i 
Trpl06Tyr h 
Serl91Glu 4 
Val 95Gly 4 
Thr 66Glu 4 
Asp 60Glu 4 
Asn 61 Asp + 
Tyrl04Glu + 
Asn 62Asp + 
Asn 61 Asp 4 
Glyl27Glu + 
Leu 96Glu + 
Asp 60Glu + 
Tyrl67Pro + 
Gly 97Ser + 
Glyl02Asn + 
Asn 61Ser + 
Glul56Asp + 
Asp 99Glu 4 
Serl 30Asp 4 
Glyl27Glu + 
Ala 98Glu 
Gin 59Ser 
Gly 97Pro 
Glnl03Asp 
Asp 60Glu 
Serl30Glu 
Asp 60Glu 
Leu 96His 



+ Ilel07Gln + Gln206Asp 
+ Serl32Glu + Glyl60Asp 
+ Serl30Asp + Serl32Glu 
+ GlylOOGlu + Glnl03Asp 
+ Glyl28Glu + Gln206Asn 
+ Thrl58Glu + Val203Met 
+ Serl59Glu + Thrl64Glu 
+ Prol29Asn + Thrl64Gln 
+ Alal87Gly + Gly215Asp 
+ Gly 97Asp + GlylOOAsn 



+ Gly 97Asp 
+ Gly 97Asp 
+ Serl63Asp 
+ Serl63Glu 
+ Asnl55Gln 
+ Alal87Asp 
+ Thrl58Asp 
+ Gly 97Pro 
+ Asp 99Glu 
+ Serl62Glu 
+ Serl91Asp 
+ Phel89Ile 
+ Phel89Asp 
+ Gln206Glu 
*■ Thrl58Asp 
*■ Glyl66Glu 
^ Asp 99Glu 

Ser 63Asp ■ 
i- Glyl28Gln • 
- Ser204Asp ■ 

• GlylOOAsp - 

• Glyl57Gln - 
Gly 97Ser h 
Leu 96Cys h 
Ser204Asp 4 
Serl05Asp 4 
Glyl60Asn + 
Ala 9 8 Asp + 
Ser204Asp + 
Glyl57Pro + 
Glyl60Asn + 
Glul56Asp + 
Asp 99Glu + 
Val 95Glu + 
Glyl28Glu + 
Ilel07Asp 4 
Gln206Glu + 
Thrl64Glu + 
Ser 63Glu + 
Serl30Glu + 



Glul56Asp 
+ Ser204Asp 
+ Gln206Ser 
+ Phel89His 
+ Serl59Asp 
+ Serl88Asp 
+ Serl62Asp 
+ Serl63Glu 
+ Serl59Glu 
+ Serl91Glu 
+ Gln206Asp 
+ Val203Met 
+ Pro210Asp 
+ Ala216Gly 
+ Serl61Asp 
+ Phel89Val 
+ Gln206Glu • 
*■ Glnl03Glu • 
Serl32Glu ■ 
i- Gly215Glu - 
u Trpl06Ala i 

- Ser2 04Asp h 

- GlylOOGlu h 
' Gly 97Glu 4 

Lys213Glu 4 
Asnl55Glu 4 
Thrl64Glu 4 
Asnl55Asp + 
Gln206Glu 4 
Ser204Glu 4 
Ser204Glu 4 
Ser204Glu + 
Trpl06Gly + 
Ala 98Asn 4 
Lys213Asp 4 
Glyl57Pro 4 
Lys213Asp + 
Val203Met 4 
Glyl54Asp 4 
Glul56Asp 4 



Ala216Asp 
Ala216Gln 
Ala200Gly 
Serl32Asp 
Pro210Glu 
Lys213Asp 
Tyrl67Leu 
+ Ala216Glu 
+ Tyr217Thr 
+ Ser204Glu 
+ Val203Cys 
+ Tyr214Leu 
+ Gly215Asp 
+ Ser204Glu 
+ Serl63Asp 
+ Val203His 
+ Val203Met • 
+ Serl91Asp ■ 
+ Gln206Asn - 
+ Gly211Glu h 
+ Ala216Asp h 
+ Gln20 6Asp 4 
+ Lys213Glu 4 
+ Tyr217Leu 4 
+ Alal87Pro + 
+ Serl9lGlu 4 
*■ Gly211Pro + 
► Lys213Asp + 
i- Asn212Asp + 
^ Ala216Gln 4 
- Asn212Gln 4 
' Lys213Asp 4 
Gln206Asp + 
Ser204Glu 4 
Ala216His 4 
Glyl66Asp 4 
Gln206Asn + 
Serl88Glu + 
Lys213Glu 
Gln206Asp 
Gln206Asn 
Gln206Asp 
Glyl54Asp 
Serl05Glu 
Ala216Glu 
Tyrl67Glu 
Gly215Pro 
Ser204Asp 
Glyl66Ser 
Tyrl67Glu 



Thr220Glu 
Thr220Gly 
Tyr217His 
Tyr217Asn 
Ala216Gln 
Gly215Glu 
Gln2 0 6Ser 
Asn218Glu 
+ Asn218Glu 
+ Tyr217Cys 
+ Ala216Gly 
+ Tyr217Leu 
+ Ala216Asp 
+ Tyr217Ser 
+ Ser204Glu 
+ Ser204Asp 
+ Ala216Thr 
+ Ser204Asp 
+ Ala216Thr 
+ Asn212Asp 
4 Tyr217Gln 
+ Gly211Glu 
+ Asn218Glu 
+ Thr22 0Asp 
+ Asn218Asp 
+ Gly219Ser 
*■ Ala216Glu 
*■ Tyr217Pro 
y Ala216Ser 
^ Tyr217Leu 

- Lys2l3Asp 

- Ala216Glu 
Lys213Asp 
Gly215Asn 
Gly219Glu 
Val203Asn 
Thr220Asp 
Val203Ser 
Ala216Pro 
Lys213Glu 
Gly215Asp 
Tyr214Pro 
Asn218Glu 
Gln206Glu 
Asn218Glu 
Ala216Glu 
Asn218Glu 
Gln206Asp 
Serl88Asp 
Lys213Glu - 
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Gin 59Ser 
Glyl27Glu 
Glnl03Glu 
Ser 63Asp 
Asp 60Glu 
Gly 97Asp 
Asn 62Asp 
Ala 98Pro 
Ser 63Asp 
Asp 60Glu 
Asp 60Glu 
Ilel07Asp 
Ser 63Asp 
Asnl55Glu 
Ser 63Asp 
Ser 63Asp 
Thr 66Glu 
Thrl58Asp 
Ser 63Glu 
Gly 97Ser 
Val 95Glu 
Gin 59Glu • 
Ala 98His ■ 
Ser 63Asp - 
Glyl27Glu - 
Serl62Asp h 
Glyl57Glu h 
Glyl60Glu 4 
Asp 60Glu -t 
Tyrl04Cys 4 
Tyrl04Asp 4 
Serl32Glu 4 
Gly 97Asp + 
SerlOlGlu + 
Asp 99Glu + 
Serl30Glu + 
Gin 59Asn + 
Asp 60Glu 4- 
Serl30Asp + 
Asn 61 Asp + 
Glyl02Pro + 
Glul5 6Asp + 
Thr 66Pro + 
Glyl31Pro + 
Ala 98Glu + 
Tyrl04Leu + 
Ser 63Glu 
Thrl58Glu 
Trpl06Thr 
Ala 98Ser 



Glul56Asp 
Asnl55Asp 
Glyl60Asn 
Gly202Pro 
Leu 96Glu 
Glnl03Asp 
Thr 66Glu 
+ Prol29Asp 
+ Glul56Asp 
+ Glyl02Gln 
+ Thrl58Gln 
+ Glyl31Asp 
+ GlylOOGlu 
+ Glyl57Glu 
+ Ilel07Met 
+ Val 95Ala 
+ GlylOOGln 
+ Serl61Asp 
+ Serl62Asp 
+ SerlOlAsp 
4- Asp 99Glu • 
+ Thr 66Asp • 
+ SerlOlGlu - 
+ Glyl60Asp - 
+ Serl62Glu i 
+ Alal87Glu h 
+• Phel89Tyr h 
*■ Serl61Asp 4 
t- Serl59Asp 4 
Serl62Glu 4 
>• Glyl28Asn 4 

- Glyl57Ser + 

- Ala 98Asp 4- 
■ Thrl58Gln + 

GlylOOAsp 4- 
Serl61Glu + 
Tyrl04Asp + 
SerlOlGlu + 
Serl59Asp + 
GlylOOAsp + 
Glyl31Asp + 
Ser204Asp + 
Glnl03Asp + 
Phel8 9Leu + 
Glyl57ser + 
Thrl58Glu + 
Ala 98Gln 
Glyl66Asn 
Glyl54Ser 
Alal87Glu 



Glyl60Glu 
Alal87His 
Gln206Glu 
+ Lys213Asp 
+ Thrl58Gln 
+ Phel89Ala 
+ Tyrl04Pro 
+ Serl30Asp 
+ Gln206Glu 
+ Serl05Glu 
+ Lys213Glu 
+ Ala216Asp 
+ Glnl03Asp 
+ Gln206Asn 
+ Prol29Asn 
+ Asp 99Glu 
+ Glnl03Asp 
4- Gln206Asp 
+ Alal87Gln 
+ Val203Cys 
+ Ser204Asp 
+ Serl63Asp • 
+ Glyl66Gln • 
+ Val203Ala - 
*■ Serl63Glu - 
^ Pro2 01Gln i 
t- Val203Glu h 
»■ Tyrl67Glu h 
- Thrl64Glu 4 

■ Lys213Glu 4 

■ Serl30Asp 4 
Serl63Asp 4 
Prol29Glu 4- 
Alal87Glu + 
Asnl55Asp + 
Serl62Asp + 
Thrl58Asp + 
Ser204Glu + 
Serl63Glu + 
Trpl06Pro + 
Serl88Asp + 
Gln20 6Asp + 
Glul56Asp + 
Serl91Glu + 
Gln206Asp + 
Gly202Ser + 
Glyl02Asn + 
Pro210Glu + 
Glyl57Asp + 
Lys213Asp + 



+ Gly21lGlu 
+ Ala216Glu 
+ Tyr214Gly 
+ Gly215Gln 
+ Glyl66Pro 
+ Gln206Ser ■ 
+ Serl32Asp ■ 
+ Lys213Glu - 
+ Lys213Glu - 
+ Thrl64Gln i 
+ Ala216Gln h 
+ Tyr217His 4 
+ Gln206Asn 4 
+ Pro210Asp 4 
+ Serl91Asp 4 
+ Leul26Thr + 
+ Lys213Asp + 
+ Tyr217Cys + 
+ Gly211Asn + 
+ Tyr214Glu + 
+ Gly215Glu + 
+ Pro201Gln + 
*■ Serl8 8Asp + 
Ser204Asp + 
^ Lys213Asp + 
Gln206Asp + 
i- Ser204Glu + 

- Gly202Asn + 

- Phel89His + 
■ Asn218Asp + 
• Glyl57Ser + 

Asn212Asp + 
Tyrl67Leu + 
Serl88Glu + 
Glyl66Gln + 
Thrl64Asn + 
Serl91Glu + 
Gln206Ser + 
Pro210Gln + 
Glyl28Glu + 
Ser204Glu + 
Asn212Asp + 
Serl91Glu + 
Gln206Glu + 
Lys213Asp + 
Gln206Glu + 
Serl 3 OAsp + 
Lys213Glu + 
Lys213Glu + 
Gly215Gln + 



+ Lys213Glu 
+■ Tyr217His 
Asn218Glu 
t- Asn218Asp 
»• Gln20 6Asp 
^ Lys213Asp 
^ Asn212Asp 
- Tyr217Glu 
• Ala216Pro 
■ Gly211Glu 
Tyr217Val 
Asn218Asp 
Gly219Asp 
Ala216Glu 
Gly219Glu 
Serl63Asp 
Ala216Asn 
Gly219Asp 
Lys213Asp 
Tyr217Asp 
Asn218Gln 
Gly215Glu 
Val203Asp 
Gln2 0 6Glu 
Ala216His 
Tyr217Glu 
Lys213Glu 
Gln206Glu 
Lys213Glu 
Gly219Glu 
Ser204Glu 
Lys213Glu 
Gln2 0 6Asp 
Gln206Glu 
Ser204Glu 
Gly211Asp 
Asn218Glu 
Pro210Asp 
Tyr217Asp 
Tyr217Asp 
Gln206Glu 
Ala216His 
Gln2 0 6Asp 
Lys213Glu 
Gly215Gln 
Lys213Glu 
Tyr217Glu 
Thr220Glu 
Ala216Glu 
Ala216Asp 
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l t 3Si 1 2°ss : ssssK : ggsg? : ♦ ^^p 

SerieiAsp + Val203His + Ser^'LS t rf^? ASP + Ala2 l6Glu 
Asn 61Asp + Serl63Asp + VaTfoSf? t Gly211Asp + Tyr217Asp 
Val 95Asp + Tminfin. 1 ^ al f 03Hls + Ser204Glu + Tvr?i7a^ 
Leu 96Glu + cTylSoAsp + " L G1U + Alal87Pro + S^204aS 

Asp 99Glu + Serl59Glu + L ys213Asp + Gly215Asn 

Ala 98Glu + SerlOSGlS + Glylltltn t r^l^ SP + S er204Asp 
Asn 6lGlu + Serl59Glu + rin^n^c Glul56Asp + Phel89Pro 

Gly 97Asp + SerlOlAsp I S^mIE + + ?f°?" Glu + Ala2li£S 
Leul26Ala + Glyl31Glu + sl^n/^ Gln206Glu + Gly219Pro 

Asn 61Glu + GlylOOAsn 4 Prol29A^ 1 f er , 162A *P + Ser204Glu 
Glyl02Asp + Glyl27ser t l^l^l ! !f r . 2 ! 3Glu + Asn2l8Ser 



111 b «>ser + Serl05Asp + Serl59ri» I ^ xn ^ UbC3iu + Tyr217Pro 
Asp 60Glu + Glyl27AsD + qf^nfSJ" Ser 204Glu + Gln206AsD 
Ser 63Glu + Ser^OA^ 4 g!^S« 1U + Gln206G lu + Tyr2lSS 
Prol29Gly + Serl59GlS * SerlSSGl'u I + Asn218A^p 

Glyl31Asp + Glul56Asp + s«1Mg}» + P ? el89C y s + Ser204Asp 
Glyl02As P + Tr P 106Glu + fer IIsg: n t Alal87 ^o + T y*214G?£ 
l^^lAsp + SerieiAsp + fer!63Asp + 1^1°^ + T ^220As£ 
Gin 59Asn + Serl88A«5n + ri^tntt P Glyl66Asn + Ser204A^ 
Ala 98Glu + g!v157aJp + ?i??2f? SP + G1 y2HGlu + TySlJci? 
Glnl03Asp + Trpl06Ty? + G^llo^ + Phel89 Thr + Ly^l3Asp 
Val 95Asp + Glyl3lGln + S£ Ita^ + L y s21 3Glu + Gly215A?n 
SerlOlAsp + Glnl03GlS J slrieiGl^ I A ^ 16As P * Asnll^ 
Thr 66G1U + Glyl28Pro + GlylslLp * Sr^^ + Ala2 ^ 
Val 95Asp + Glyl31Glu + Seri fi^afS Thrl64Asp + Ser204Glu 
Val 95Ser + jai 98Glu + ! ff rl91G1 " + Gln206Asn 

Asn 6 2 Asp + Leul26His + Gy S I f^lAsp + Phel89Asp 
Ser 6 3 Asp + Serl30Glu + Thrl58Prn I in i3Glu + T yr217Asp 
Gin 59Asp + Glv1=;7a^ I ^" 58Pro + Ala216Glu + Tvr?17-M« 

Serl32Glu + Glyisflln + r!£^7?f P + Ala2 "Asn + Tyr217n= 
SerlOlAsp + Glvilll^ I SiS'ZSi" + ?«161A.p + Tvrllll^ 
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Alal33Asp + Serl61Glu + Thrl64Asp + Ser204AsD + A^Jis^r 
GlnlMGlu ♦ Tyrl04Cy. + Serl61GlS + fhrl64^p * ^s213g" 

gs : Leu 96giu ; z&ies : ssssss : sgiss 

1 £ i PI? : ---- : ssss? : s IS 

Thr 66Gln + Asp 99Glu + Glnl03Glu + Val203Ser + Tvr?i?afS 

■fltim 

H E 1? : ir S5SS : SSSE : fe^ 
? | : SSS : + lig : SB : SiS 

Hill 

Asp 60G1U + Asp 9 9G1 U + Leul ^y + t ff^gK 

H. Cleaning Compositinng 

In another embodiment of the present invention, an effective amount of 
one or more of the enzyme variants are included in compositions useful for 
cteaning a variety of surfaces in need of proteinaceous stain removal Such 
cleaning compositions include detergent compositions for cleaning hard 
surfaces unlimited in form (e.g.. liquid and granular); detergent compositions for 
cleaning fabrics, unlimited in form (e.g.. granular, liquid and bar formulations)- 
dishwashing compositions (unlimited in form); oral cleaning compositions 
unkmtod ,n form (e.g., dentifrice, toothpaste and mouthwash formulations)' 
denture cleaning compositions, unlimited in form (e.g., liquid, tablet); and contact 



WO 95/30010 

PCT/US95/03176 



lens cleaning compositions, uniimited in form (e.g.. , iquid , tablet) 

with the protease enzyme the termt C ° mP0S '" 0n materia '* «»"patibte 
5 herein, means any ^ so d or ™ 9 C ° mP ° Si,i0n ma * erial " as — 

*pe of cleaning L^^^™^ * - Ocular 
granule, bar, spray stick Daste n»„ T . pr ° duct ' e S- 'Md, 

•ne BPN- variant used h he Lfp o's^ T™ ~ 3,50 "ith 
composition materials Jere^Z^T' ! " Se ' eCfcn ° f Cleanin 9 

specific cleaning composition SucTIff^ aC " Vi,y "•"•»* in tne 

by one of ordinary s^nZ SZfZT h™ "" ^ aSCertai "<* 
particuiar enzyme va iln, used 1 rT °" *"* as *• 

composition of the clean^ ^on, ^ZJT^ 
granular, bar) composition is required, and the ZT P Ll^ Z *" <e ' 9 " 
compositions comprise from about 0.0001* To lJtT«T e C ' eanin9 
enzyme variants of the present in^nfi^ ° ne or more 

examples of various cleaning compositions wherein^ 1 ' 
employed are discussed ,n further detail ZTrnZ^^ ^ 
used herein are by weigh, unless otherwise speeded PerCen,ageS and ra *'°* 

denture ciea^ng compos 

~ are desired. Thus the L^Z^ 
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conventional ingredients to provide fully-formulated hard-surface cleaners 
dishwashmg compositions, fabric laundering compositions and the like Such 
compositions can be in the form of liquids, granules, bars and the like Such 
composrtions can be formulated as modern "concentrated" detergents which 
contain as much as 30%-60% by weight of surfactants. 

The cleaning compositions herein can optionally, and preferably, contain 
various anionic, nonionic, zwitterionic, etc., surfactants. Such surfactants are 
typically present at levels of from about 5% to about 35% of the compositions 

Nonl,m,t,ng examples of surfactants useful herein include the 
conventional Cl1 -C 1B a.kyl benzene sulfonates and primary and random alky. 
sulfates ,he C 10 -C 18 secondary (2,3) alkyl sulfates of the formulas 
CH3(CH 2 )x ( CHOS03,- M *)CH 3 and CH 3 (CH 2 )y(CHOS0 3 - M *) ChZhI 
wherein x and <y + 1) are integers of at leas, about 7, preferably a. .east about 9 
and M is a water-solubilizing cation, especially sodium, the C 10 -C 18 alkyl alkoxy 

2 2 Tin f ° eth ° XV SU " a,eS) ' C1 °- C18 a ' k " a'°ox carboxyla^ 
(espeaa.ly me EO 1-5 e.hoxycarboxy,a t es), tt,e C 10 -C l8 alky, po.yglycosides, 
and the r corresponding sulfated polyglycosides, C 12 -C 1e alpha-sulfonated fatty 
acid esters, C 12 -C 18 alkyl and alkyl phenol alkoxylates (especially ethoxylates 
and mixed ethoxy/propoxy), C 12 -C 18 betaines and sulfobetaines fsultaines") 
Cl 0 -C 18 amine oxides, and the like. The alkyl alkoxy sulfates (AES) and alkyi 
afcoxy carboxyla.es (AEC) are preferred herein. (Use of such s urfactants fn 
combination with the aforesaid amine oxide and/or betaine or sultaine 
surfactants ,s also preferred, depending on the desires of the formulator ) Other 
conventional useful surfactants are listed in standard texts. Particularly useful 

T/^T V ^ Cl0 " Cl8 N " methyl 9 luca ™°^ disclosed in US Paten. 5 
194,639, Connor e. al„ issued March 16, 1993, incorporated herein by 



A 



com„„ t T " in9r6dien,S USefUl in deter sent cleaning 

compositions can be included in the compositions herein, including other active 
ingredien s, carriers, hydrotropes, processing aids, dyes or pigments, solvents 
for liquid formulations, etc. If an additional increment of sudsing is desired suds 
boosters such as the C 10 -C 16 alkolamides can be incorporated into the 
compositions, typically at- about 1% to about 10% levels The C,r>C,„ 
monoethanol and die«hano. amides illustrate a typical class of such su^s 
boosters. Use of such suds boosters with high sudsing adjunct surfactants such 
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as the amine oxides, be.eines and sultaines noted above is also advantageous 

5 so^n,^ " qUid deter9en ' Composi,ions he ^n can contain water and other 

exe^ Ld r' e l L<W m ° ,eCUlar Wei9W ^ ° r alooho" 
exemplfied by methanol, ethanol, propano., and isopropano. are sutebte 
Monoh vdr , c no|s are preferred fw so|ubj|i2 . bu( a ™ J s '^ 

» abo7 6 h^r 9 fr ° m ab ° U ' 2 10 M 6 ^ al °™ »« '™ 2 1 
about 6 hydroxy groups (e.g., 1 ,3-propanediol, ethylene glycol glycerine and 

T ^ r ^ ^ C ° mPOSiti0nS -/contain^ abo. 
A to about 90%. Really from about 1 0% to about 50% of such carriers 

£T ~ °' — * *■ - - - 'o ^ose 

d-n-**" f0mu>aiin9 "» h— «*» cleaning compositions and fabric 
«ean,ng compositions of the present invention, the formulator may wish ™ 
employ vanous builders a. levels from about S% ,o about 50% bv weioh, 
Typ,cal builders include the 1-10 micron zeolites, poiycarbclla es suT « 
ctrate and oxydisuccina.es. layered siiicates, phosphates andThetke Othe 
conventual builders are listed in standard formularies ' 
Likewise, the formulator may wish to employ various additional en*vm« 

F+ u. tsvT T such compositions ' m at ,aveis ^ aboJ, % 

act^Mr k Y W6 ' 9 " d6Sired ' SUCh can also contain bleach" 

Sn^-*: 1 *"* 1 " e,hylenediamin ^ n-anoyloxybenzene sulfonate 

a zr^z:z ;;sr in ,he art usase ,eve,s — - 

Various soil release agents, especially of the anionic oligoester type, 
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vanous chelating agents, especially the aminophosphonates and 
emylenediaminedisuccinates, various clay soil removal agents, especially 
emoxy.a ed tetraethylene pentamine, various dispersing agents, especially 
PW*es and po.yaspara.ates. vanous bribers, especially anionic 
■ bnghteners, vanous suds suppressors, especially silicones and secondary 
alcohols, vanous fabric softeners, especially smectile clays, and the like can all 
be used ,n such compositions at levels ranging from about 1% to about 35% bv 
we.ght. Standard formularies and published patents contain multiple detailed 
descriptions of such conventional materials. 

Enzyme stabilizers may also be used in the cleaning compositions. Such 
enzyme s.aM.zers include propylene glycol (preferably from about 1% to about 

formiw 7 T a ' e <Preferably ,TOm ab ° Ul »° about 1% > ^d calcium 
formate (preferably from about 0.1 % to about 1 %). 
1 - Hard surfa ce cleaning composition.! 

As used herein "hard surface cleaning composition" refers to liquid and 
hi , 8 er9em C ° mpOSi,ions for clea ™"9 "ard surfaces such as floors walls 
t TT ^ Clea ™ n9 c W°n* of .he preseni 

mvenbon compnse an effective amount of one or more enzyme variants of .he 
present ,nvent,on, preferably from about 0.001 % to about io*. more preferably 
from about .01% to about 5%, more preferably still from about .05% to a^ut 1% 
by weight of active enzyme of the composition. In addition ,o comprising one or 
more of .he enzyme variants, such hard surface cleaning compositions tpically 
compnse a surfactant and a water-soluble sequestering builder In Lain 
specalized products such as spray window cleaners, however, the surfers 
glas^r " Sed S ' nCe ' hey ^ Pr ° dUCe 3 ™~aky residue on .he 

of ,„» 7* SU ? Ctan ' C ° mp ° nenl ' when Dresen '. '"ay comprise as little as 0.1% 
oHhe compos, ,ons herein, but typically the compositions will contain from about 
0.25 ,6 to about 10%, more preferably from about 1% to about 5% of surfactant 

Typ,cally the compositions will contain from about 0.5% to about 50% of a 
detergency builder, preferably from about 1 % to about 1 0% 

oh JT^ PH Sh ° Uld bS ' he ran9e 0f about 8 10 12 - Conventional 
PH adjustment agents such as sodium hydroxide, sodium carbonate or 

hydrochloric acid can be used if adjustment is necessary. 

Solvents may be included in the compositions. Useful solvents include, 
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but are not hm, ed to, glycol ethers such as di ethylenes lycol monohexyl ether 
dethyleneglyco, monobuty, ether, ethyleneg.yco! monobuty, ether" 
ethyleneglycol monohexyl ether, prop y leneg,yco, monobuty, ether* 
d,propyleneg.ycol monobuty, ether, and dio.s such as 2,2,4-trimethyM 3' 
5 D ^! n 7 d ;°^ When used, such solvents are lp cat 

aoouM lt 3bOUt 0 t0 ab ° Ut 15% ' Pref6rab,y fr ° m abo ^ 3% ^ 

be use^ TT*' hi9h 'f VO ' ati,e S0,VBntS 35 iS ° Pr0Pan01 ° r ethano ' «" 
be used ,n the present compositions to facilitate faster evaporation of the 

appl.cat.on of the composition to the surface. When used, volatile solvents are 
typ.ca.ly present at levels of from about 2% to about 12% in the compositions 

The hard surface cleaning composition embodiment of the present 
.nvent.on is illustrated by the following examples. 

15 Examples 7-1? 

Liquid Hard Su rface Cleanino Compositions 

Example No. 

Component 

Ser105Glu 
20 Gly127Gln + Ala216Pro 
Na 2 DIDA* 
EDTA** 
Na Citrate 

NaC-12 A| kyl-benzene 
25 sulfonate 

NaC 12 Alkyisulfate 

NaC 12 (ethoxy)*~ 
sulfate 

C12 Dimethylamine 
30 oxide 

Na Cumene sulfonate 

HexylCarbitol- 6 . 30 6.30 6.30 6.30 6.30 6.30 

- 3 er balance to 1 00% 



7 


8 


9 


10 


11 


12 


0.05 


0.50 


0.02 


0.03 


0.10 


0.03 










0.20 


0.02 






2.90 


2.90 














2.90 


2.90 


1.95 




1.95 




1.95 






2.20 




2.20 




2.20 




2.20 




2.20 




2.20 




0.50 




0.50 




0.50 


1.30 




1.30 




1.30 





*Disodium N-diethyleneglycol-N,N-iminodiacetate 
**Na4 ethylenediamine diacetic acid 
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***Diethyleneglycol monohexyl ether 
****AII formulas adjusted to pH 7 

In Examples 7-10, the BPN' variants recited in Tables 2-25, among others, 
are substituted for Ser1 05Glu, with substantially similar results. 

In Examples 11-12, any combination of the BPN* variants recited in 
Tables 2-25, among others, are substituted for Gly127Gln + Ala216Pro, with 
substantially similar results. 

Examples 13-18 
Spray Compositions for Cleaning Hard Surfaces 









Example No. 






Component 


13 


14 


15 


16 


17 


18 


Tyr104lle + Gly215Pro 


0.50 


0.05 


0.60 


0.30 


0.20 


0.30 


Asp99Glu 










0.30 


0.10 


Sodium octyl sulfate 


2.00 


2.00 


2.00 


2.00 


2.00 


2.00 


Sodium dodecyl sulfate 


4.00 


4.00 


4.00 


4.00 


4.00 


4.00 


Sodium hydroxide 


0.80 


0.80 


0.80 


0.80 


0.80 


0.80 


Silicate (Na) 


0.04 


0.04 


0.04 


0.04 


0.04 


0.04 


Perfume 


0.35 


0.35 


0.35 


0.35 


0.35 


0.35 


Water 






balance 


to 100% 







In Examples 13-16, the BPN' variants recited in Tables 2-25, among 
others, are substituted for Tyr104lle + Gly215Pro, with substantially similar 
results. 

In Examples 17-18, any combination of the BPN* variants recited in 
Tables 2-25, among others, are substituted for Tyr104lle + Gly215Pro and 
Asp99Glu, with substantially similar results. 
2. Dishwashing Compositions 

In another embodiment of the present invention, dishwashing 
compositions comprise one or more enzyme variants of the present invention. 
As used herein, "dishwashing composition" refers to all forms for compositions 
for cleaning dishes, including but not limited to, granular and liquid forms. The 
dishwashing composition embodiment of the present invention is illustrated by 
the following examples. 
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Examples 19-24 
Dishwashing Composition 



Component 

; Glu59Ser + Leu96Gly 
+ Ser204Glu 
Lys96Gly + Ser204Glu 
c 12~Ci4 N-methyl- 

glucamide 
Ci 2 ethoxy(1) sulfate 
2-methyl undecanoic acid 4.50 
C-J2 ethoxy (2) carboxylate4.50 
C12 alcohol ethoxylate (4) 3.00 
C-|2 amine oxide 3 qo 

Sodium cumene sulfonate 2.00 
Ethanol 4Q0 
Mg ++ (as MgCI 2 ) 0 .20 
Ca ++ (asCaCI 2 ) 0 40 
Water 



20 



Example No. 
21 



0.05 



0.90 
12.00 



0.90 0.90 
12.00 12.00 
4.50 4.50 



4.50 
3.00 
3.00 
2.00 
4.00 
0.20 
0.40 



4.50 
3.00 
3.00 
2.00 
4.00 
0.20 
0.40 



22 
0.40 


23 

0.10 


24 
0.03 




0.40 


0.02 


0.90 


0.90 


0.90 


12.00 


12.00 


12.00 


4.50 


4.50 


4.50 


4.50 


4.50 


4.50 


3.00 


3.00 


3.00 


3:00 


3.00 


3.00 


2.00 


2.00 


2.00 


4.00 


4.00 


4.00 


0.20 


0.20 


0.20 


0.40 
to 100% 


0.40 


0.40 



Product pH is adjusted to 7 

substantially similar results Leu96Gly + Ser204GIu, with 



3< Fabric clpan j ng com pocifi^ 

As used herein, "fabric cteaninn mm „ v .. * e presenl Mention, 

compositions ,o dSfeT° '° a " f ° rmS for 

and bar forms. Prefe^ed abrio nl 9 ^ *■ S ~' "<I« 

form. ' ' abTO dea ™ n9 ""P-Won. are those in the li quid 

a ' S-Canular fabric cleaning m^^. 

The g ranu,ar fabric cieaning compositions of the present invention contain 
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an effective amount of one or more enzyme variants of the present invention 
preferably from about 0.001% to about 10%, more preferably from about 0 005% 
to about 5%, more preferably from about 0.01% to about 1% by weight of active 
enzyme of the composition. In addition to one or more enzyme variants the 
granular fabric cleaning compositions typically comprise at least one surfactant 
one or more builders, and, in some cases, a bleaching agent. 

The granular fabric cleaning composition embodiment of the present 
invention is illustrated by the following examples. 

Examples 25-28 
■ Granular Fabric Cleaning Composition 



Component 



Example No. 



25 


26 


27 


28 


0.10 


0.20 


0.03 


0.05 






0.02 


0.05 


22.00 


22.00 


22.00 


22.00 


23.00 


23.00 


23.00 


23.00 


23.00 


23.00 


23.00 


23.00 


14.00 


14.00 


14.00 


14.00 


8.20 


8.20 


8.20 


8.20 


0.40 


0.40 


0.40 


0.40 


5.50 


5.50 


5.50 


5.50 



Sen 01 Asp 
Thr66Glu 

C«j3 linear alkyl benzene sulfonate 
Phosphate (as sodium 

tripolyphosphates) 
Sodium carbonate 
Sodium silicate 
Zeolite 

Chelant (diethylaenetriamine- 

pentaacetic acid) 
Sodium sulfate 
Water 



. balance to 100% 

0 ,h^' n E T P ' eS 25 " 26 ' lhe BPN ' "rfMi recited in Tables 2-25. among 
others, are subsMuted for Ser101Asp, with substantially similar results 

T ab | es ^ E r mP,eS 2? " 28 ' ^ COmbina,ion of the BPN' variants recited in 

It-T ff" 8 T 9 ' ^ Subs,ituted for SeMOIAsp and Thr66Glu. with 
substantially similar results. 
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Examples 29-32 
Granular Fabric Cleaning Composite 



Component 



29 



Example No. 
30 31 



Val95Asp + Leu126Ser + Asn155Gln 
Gly65Ser + Gly102Asn + Val203Glu 
C12 alkyl benzene sulfonate 
Zeolite A (1-10 micrometer) 
2-butyl octanoic acid 
C 12 -C 14 secondary (2,3) alkyl sulfate, 

Na salt 
Sodium citrate 
Optical brightener 
Sodium sulfate 
Water and minors 



0.10 0.20 



12.00 
26.00 
4.00 
5.00 

5.00 
0.10 
17.00 



0.03 
0.02 

12.00 12.00 



0.05 
0.05 
12.00 

26.00 26.00 26.00 
4.00 
5.00 



4.00 
5.00 



4.00 
5.00 



5.00 
0.10 



5.00 5.00 
0.10 0.10 
17.00 17.00 17.00 
balance to 100% 



other EXamP ' eS 29-30. the BW variants recited in Tabl es 2-25 among 
others, are substituted for Val95Asp + Leu126Ser - Asnisscin 
substantially similar results. AsMSSGIn, w,th 

Tables^ ^r^ft' "* C ° mbina,i ° n « " **- <" 

a « I • 9 ° ,herS ' are substi <"<«< for Val95Asp + Leu126Ser + 
£n,55 Gln and SlySSSer ♦ G , y102A sn ♦ Val203Gl u, with 
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Examples 33-36 
Granular Fabric Cleaning Composition 



Component 



Example No. 



33 


34 


35 


36 


0.10 


0.20 


0.03 


0.05 






0.02 


0.05 


22.00 


22.00 


22.00 


22.00 


23.00 


23.00 


23.00 


23.00 


23.00 


23.00 


23.00 


23.00 


14.00 


14.00 


14.00 


14.00 


8.20 


8.20 


8.20 


8.20 


0.40 


0.40 


0.40 


0.40 


5.50 


5.50 


5.50 


5.50 




balance 


to 100% 





Ser63Glu 

Leu96Asn + Lys213Asp 

C-J3 linear alkyl benzene sulfonate 

Phosphate (as sodium 

^polyphosphates) 
Sodium carbonate 
Sodium silicate 
Zeolite 

Chelant (diethylaenetriamine- 

pentaacetic acid) 
Sodium sulfate 
Water 



n .. " iconeu m iaDies 2-25, amona 

others, are subsisted for SerS3Glu. with substantially similar results 

Tables"^™ "* C ° mbinali ° n * BPN ' Variants recited 

L«£L 9 ' SUbS,itUted f ° r Ser63Glu an « Leu96Asn ♦ 

Lys21 3Asp, with substantially similar results. 
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Examples 37-40 
Granular Fabric Cleaning Composition 



Component 



37 


Example No. 
38 39 


40 


0.10 


0.20 


0.03 


0.05 






0.02 


0.05 


12.00 


12.00 


12.00 


12.00 


26.00 


26.00 


26.00 


26.00 


4.00 


4.00 


4.00 


4.00 


5.00 


5.00 


5.00 


5.00 


5.00 


5.00 


5.00 


5.00 


0.10 


0.10 


0.10 


0.10 


17.00 


17.00 
balance 


17.00 
to 100% 


17.00 



Asn62Ser +Ser163Asp + Phe189Ser 

+ Ala216GJu 
Gly97Ser + Trp106lle + Tyr217Leu 
C 12 alkyl benzene sulfonate 

Zeolite A (1-10 micrometer) 

2-butyl octanoic acid 

C 12-Ci4 secondary (2,3) alkyl sulfate, 
Na salt 

Sodium citrate 

Optical brightener 

Sodium sulfate 

Water and minors 



with substantially similar results. neither + Ala216Glu, 

Tab.es ,n 2 25 am a P m 0 S ^"T "* ° f the BPN * variants -cited in 

rabies 2-25, among others, are substituted for Asn62Ser + Series * 
Phe189Ser + A.a216G.u and G.y97Ser + TrpmtoT fj^^ * 
substantially similar results. Tyr217Leu, with 
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Examples 41-42 

Granular Fabric Cleaning Composition 

Example No. 

Component 41 42 

5 Linear alkyl benzene sulphonate 11.4 1070 

Tallow alkyl sulphate -j . B n 2 .40 

C 14 . 15 alkyl sulphate 3.00 310 

c 14-15 alcohol 7 times ethoxylated 4.00 4.00 

Tallow alcohol 1 1 times ethoxylated 1 .80 1 80 

10 Dispersant 0 .07 Q1 

Silicone fluid 0 80 0 80 

Trisodium citrate 14 00 150Q 

Citric acid 3 00 2 5Q 

2eolite 32.50 32.10 

15 Maleic acid acrylic acid copolymer 5.00 5.00 

Diethylene triamine penta methylene 1 .00 0 20 
phosphonic acid 

Ala98Asp + Ala1 87Ser 0.30 0 30 

Lipase 0.36 040 

20 Am y |ase 0.30 0.30 

Sodium silicate 2.00 2 50 

Sodium sulphate 3 50 5 2Q 

Polyvinyl pyrrolidone 0.30 0.50 

Perborate 0 .5 1 

25 Phenol sulphonate 0.1 02 

Peroxidase 0 .1 0 1 

-^2Ti Up to 100 Up to 100 
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Granular Fabric Cleaning Composition 



Component Example No. 



Sodium sulfate 
Zeolite A 

Sodium nitrilotriacetate 

Polyvinyl pyrrolidone 

Tetraacetylethylene diamine 

Boric acid 

Perborate 

Phenol sulphonate 

Gln59Ser + Asn62Ser + Leu9SGiv 

+ Ser204Gln 
Fillers (e.g., silicates; carbonates- 

perfumes; water) 



43 


-sulfonate 6.5 


8.0 


15.0 


18.0 


26.0 


22.0 


5.0 


5.0 


0.5 


0.7 


3.0 


3.0 


4.0 




0.5 


1 


0.1 


0.2 


0.4 


0.4 


Up to 100 


Up to 100 



Example 45 



Alkyl Sulphate . Weight 

Alkyl Ethoxy Sulphate 8 0 

Mixture of C 25 and C 45 alcohol 3 and 7 times ethoxylated 6 0 
Polyhydroxy fatty acid amide 

Zeolite 25 
Layered silicate/citrate ]™ 
Carbonate 

Maleic acid acrylic acid copolymer 
Soil release polymer 
Carboxymethyl cellulose 
Poly (4-vinylpyridine) -N-oxide 
Copolymer of vinylimidazole and vinylpyrrolidone 
PEG2000 

Va, ^1 + 6^ 04G ' U + Gly127G,n + LyS213GIU « 
Lipase 

0.2 



16.0 
7.0 
5.0 
0.4 
0.4 
0.1 
0.1 
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Cellulase 

Tetracetylethylene diamine 
Percarbonate 

Ethylene diamine disuccinic acid 
Suds suppressor 

Disodium-4 4'-bis (2-morpholino -4-anilino-s-triazin-6. 

ylamino) stilbene-2,2'-disulphonate 
Disodium-4,4'-bis (2-sulfostyril) biphenyl n nf . 

Water, Perfume and Minors 



0.2 
6.0 
22.0 
0.3 
3.5 
0.25 



Component 



Example 46 
Granul ar Fabric Cleanino ^m r ^ r 



Up to 1QQ 



Linear alkyl benzene sulphonate ~ ^ % 

Ci6-Ci 8 alkyl sulfate 
C 14-15 alcohol 7 times ethoxylated 

Coco-alkyl-dimethyl hydroxyethyl ammonium chloride i 4 

Dispersant 14 

Silicone fluid 0 07 

Trisodium citrate 0,8 

Zeolite 4A 50 

Maleic acid acrylic acid copolymer 

Methylene triamine penta methylene phosphonic acid 

Perborate 

Tetraacetylethylene diamine 15 0 

Smectite clay 5 0 

Poly (oxy ethylene) (MW 300,000) 1 °'° 

Ser63Glu + Thr104Asn + Gln206Ser + Tyr217Thr n 4 

Lipase UA 

Amylase 02 

Cellulase 03 

Sodium silicate 0 2 

Sodium carbonate 3 0 

Carboxymethyl cellulose 10 0 

Brighteners 02 

Water, perfume and minors .. °' 2 



1.3 
4.0 



15.0 
4.0 
0.4 
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Example 47 
Granular Fa bric Cleaning Composition 



Linear alkyl benzene sulfonate 
Tallow alkyl sulfate 2 " 
c 14"1 5 alcohol 7 times ethoxylated 4 A 

c 12-15 alM ethoxy sulfate - 3 times ethoxylated 0 16 

Zeolite 
Citrate 
Carbonate 



20.2 
5.5 



Silicate 154 

3.0 

4.0 

0.31 

0.30 



Maleic acid acrylic acid copolymer 
Carboxymethyl cellulase 

Soil release polymer 0 g 

ASn + 6 phri89sTr 06G ' y + SeM32ASP + A ' a187Ser 
Lipase 

Cellulase °^ 
Perborate tetrahydrate 
Perborate monohydrate 

Tetraacetylethylene diamine Q 
Diethylene tramine penta methyl phosphonic acid 0 38 

Magnesium sulfate 
Brightener 

0 19 

Perfume, silicone, suds suppressors nfiR 
Minor s 065 

7 ~ ■ Up to 100 

D - Liquid fabric, cleaning rn mDO sitir>ns " " 

. Liquid fabric cleaning compositions of the present invention comprise an 
effective amount of one or more enzyme variants of the present invenLn 
preferably from about ao05% to about 5%, more preferably from about O^ltto 

clean nl ; " "T " ^ ° f C ° mp ° Siti0n - *"* 

cleanmg compos,t,ons typically additionally comprise an anionic surfactant a 

fatty acd, a water-soluble detergency builder and water. 

The liquid fabric cleaning composition embodiment of the present 
invention is illustrated by the following examples. * 



0.13 
11.64 
8.7 
5.0 
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Examples 48-52 
Liquid Fabric Cleaning Composition* 



Component 



48 



Example No. 
49 50 



Ser161Glu + Gly219Asn 0 .05 
Asn62Ser + lle107Ala + Glu206Asp - 

+ Tyr217Thr K 
c 12" C14 alkyl sulfate, Na 
2-butyl octanoic acid 
Sodium citrate 
C-| o alcohol ethoxylate (3) 
Monethanolamine 



0.03 0.30 



20.00 
5.00 
1.00 

13.00 
2.50 



20.00 
5.00 
1.00 
13.00 
2.50 



20.00 
5.00 
1.00 
13.00 
2.50 



0.03 
0.01 

20.00 
5.00 
1.00 
13.00 
2.50 



0.10 
0.20 

20.00 
5.00 
1.00 
13.00 
2.50 



, A , ^- ou ^t>0 2.50 2 50 

.Water/propylene glycol/ethano. MQCM-i ) balanre tn 1n r>0/ , 

In Examples 48-50 the BPN' variants recited in Tables 2-25 amnnn" 
others, are substituted for Ser161Glu + Gly219Asn with !ih ? \ » 9 
results. ^'y^TyAsn, with substantially similar 

In Examples 51-52, any combination of the BPN' variants r*Ht h • 
results. ^.u^ubAsp + Tyr217Thr, with substantially similar 

Examples 53-57 
Liquid Fabric Cleaning Composition* 



Component 



Ser1 01 Asp + lie 107Ala 

+ Gly202Ser 
Val95Thr + Thr208Gly 
c 12- C14 alkyl sulfate, Na 
2-butyl octanoic acid 
Sodium citrate 
C 10 alcohol ethoxylate (3) 
Monethanolamine 



53 



54 



Example No. 



55 



56 



0.05 0.03 0.30 0.03 



57 



20.00 
5.00 
1.00 

13.00 
2.50 



20.00 
5.00 
1.00 
13.00 
2.50 



20.00 
5.00 
1.00 
13.00 
2.50 



0.01 
20.00 
5.00 
1.00 
13.00 
2.50 



0.10 

0.20 
20.00 
5.00 
1.00 
13.00 
2.50 



Water/propylene glycol/ethanol ri00:1-l) ' balanrp , n inno/ . 

In Examples 53-55 the BPN' variants recited in Tables 2-25 amo™ 
others, are substituted for Ser101As P + lle 107A ,a ♦ G,y202Ser 2 
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substantially similar results 

Examples 58-59 

Granular Fabric Cleaning Comnnciti™ 



Component 

c 12-1 4 alkenyl succinic acid 



Example No. 

. 58 



3.0 
10.0 



59 
8.0 
15.0 
8.0 
3.0 
8.0 



o Citric acid monohydrate 

Sodium C 12 . 15 alkyl sulphate 

Sodium sulfate of C 12 . 15 alcohol 2 times ethoxylated -' 

c 12-1 5 alcohol 7 times ethoxylated 

c 12-15 alcohol 5 times ethoxylated 
• Diethylene triamine penta (methyler 

Oleic acid 
Ethanol 
Propanediol 
Asp60Glu + Gln206Asn 
Polyvinyl pyrrolidone 
Suds suppressor 
NaOH 
Perborate 
Phenol sulphonate 
Peroxidase 
Waters and minors 



8.0 




acid)0.2 




1.8 




4.0 


4.0 


2.0 


2.0 


0.2 


0.2 


1.0 


2.0 


0.15 


0.15 


up to pH 7.5 


0.5 


1 


0.1 


0.2 


0.4 


0.1 
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Examples 60-62 
Liquid Fabric Cleaning Composition 



Component 



Example No. 



5 Citric Acid 
Fatty Acid 
Ethanol 
Boric Acid 
Monoethanolamine 
io 1,2 Propanediol 

NaCumene Sulfonate 
NaFormate 
NaOH 

Silicon anti-foam agent 
5 Asn61Glu 

Gly97Glu + Thr164Pro 

Asn62Glu + Thr158Ser + Gly215Ser 

Lipase 

Ceflulase 
» Soil release polymer 

Anti-foaming agents 

Brightener 36 

Brightener 3 

C12 alkyl benzenesulfonic acid 
C12-15 a'kyl polyethoxylate (2.5) sulfate 
C12 glucose amide 
C 12-1 3 alkyl polyethoxylate (9) 

Water, perfume and minors 

c - Bar fabric cleaning mmpnci^^ 

of the present invention, pre,e rably from about loTto 2uM oT 
more P£**1£n ^ 0.01 % t0 about 1% by weight of the J^ n ^ 

> ^r^sr" embodiment - ,he — — 



60 61 R9 


7.10 


3.00 


3.00 


2.00 


- 


2.00 


1.93 


3.20 


3.20 


2.22 


3.50 


3.50 


0.71 


1.09 


1.09 


7.89 


8.00 


8.00 


1.80 


3.00 


3.00 


0.08 


0.08 


0.08 


6.70 


3.80 


3.80 


1.16 


1.18 


1.18 


0.0145 








0.0145 








0.0145 


0.200 


0.200 


0.200 




7.50 


7.50 


0.29 


0.15 


0.15 


0.06 


0.085 


0.085 


0.095 








0.05 


0.05 


9.86 






13.80 


18.00 


18.00 




5.00 


5.00 


2.00 


2.00 


2.00 



balance to 100% 
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Examples 63-66 
Bar Fabric Cleaning Compositing 



Component 

Gly97Glu + Thr164Pro 

Ala98Ser + Gly154Asn 

C 12-Ci6 alkyl sulfate, Na 

C 12-C14 N-methyl glucamide 

C 11-Ci3 alkyl benzene sulfonate, Na 

Sodium carbonate 

Sodium pyrophosphate 

Sodium tripolyphosphate 

Zeolite A (0.1-1 Op) 

Carboxymethylcellulose 

Polyacrylate (MW 1400) 

Coconut monethanolamide 

Brightener, perfume 

CaS0 4 

MgS0 4 

Water 

Filler* 



Example No. 



63 64 65 ec 


0.3 


- 


0.1 


0.02 


~ 


- 


0.4 


0.03 


20.0 


20.0 


20.0 


20.00 


5.0 


5.0 


5.0 


5.00 


10.0 


10.0 


10.0 


10.00 


25.0 


25.0 


25.0 


25.00 


7.0 


7.0 


7.0 


7.00 


7.0 


7.0 


7.0 


7.00 


5.0 


5.0 


5.0 


5.00 


0.2 


0.2 


0.2 


0.20 


0.2 


0.2 


0.2 


0.20 


5.0 


5.0 


5.0 


5.00 


0.2 


0.2 


0.2 


0.20 


1.0 


1.0 


1.0 


1.00 


1.0 


1.0 


1.0 


1.00 


4.0 


4.0 

balance 


4.0 

to 100% 


4.00 



*Can be sele 
and the like. 



In Examples 63-64 the BPN variants recited in Tables 2 25 amnn 
others, are substituted for Gly97Glu + Thr164Pm 1 T ' " 9 
results ^ ^ Tnr164Pro, with substantially similar 
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Examples 67-70 
Bar Fabric Cleaning Compositions 



Component 



Example No. 



67 


68 


69 


70 


0.3 


_ 


0.1 


0.02 


. 


0.3 


0.4 


0.03 


20.0 


20.0 


20.0 


20.00 


5.0 


5.0 


5.0 


5.00 


10.0 


10.0 




10.00 


25.0 


25.0 


25.0 


25.00 


7.0 


7.0 


7.0 


7.00 


7.0 


7.0 


7.0 


7.00 


5.0 


5.0 


5.0 


5.00 


0.2 


0.2 


0.2 


0.20 


0.2 


0.2 


0.2 


0.20 


5.0 


5.0 


5.0 


5.00 


0.2 


0.2 


0.2 


0.20 


1.0 


1.0 


1.0 


1.00 


1.0 


1.0 


1.0 


1.00 


4.0 


4.0 


4.0 


4.00 




balance 


to 100% 





Val203Glu 

Gly100Glu + lle107Ser 

C-J2-C-I6 alkyl sulfate, Na 

C 12-C-J4 N-methyl glucamide 

C 11-Ci3 alkyl benzene sulfonate, Na 

Sodium carbonate 

Sodium pyrophosphate 

Sodium tripolyphosphate 

Zeolite A (0.1-1 Oji) 

Carboxymethy Ice llulose 

Polyacrylate (MW 1400) 

Coconut monethanolamide 

Brightener, perfume 

CaSO-4 

MgS0 4 

Water 

Filler* 



and the like. ^ U3 ' t3,C ' C,ay ' si,icates - 

in Example 67, the BPN' variants recited in Tables 2-25, among others 

are subst.tuted for Val203Glu, with substantially similar results 

in Example 68, the BPN' variants recited in Tables 2-25, among others 

are subst.tuted for G.y100G,u + He107Ser, with substantially similar res! 

Tables 2 2^1" *T' "* C ° mbinati ° n ° f ^ BPN ' VariantS recited * 
\ T 9 ' ^ SUbstituted for Val203Glu and Gly100Glu * 

He107Ser, with substantially similar results. 

B Additional Cleaning Compositions 

com jT addi H 0n t0 ^ hard SUrfaC6 ClSanina a*""** and fabric cleaning 
compo s , t , ons discussed above, one or more enzyme variants of the present 
invent™ may be incorporated into a variety of other cleaning compositions 
where hydrolysis of an insoiuble substrate is desired. Such addLna, 7e^Z 
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compositions include but are not limited to, oral cleaning compositions, denture 
cleaning compositions, and contact lens cleaning compositions. 
1 - Oral clea ning compnRitinnQ 

In another embodiment of the present invention, a pharmaceutically- 
acceptable amount of one or more enzyme variants of the present invention are 
included in compositions useful for removing proteinaceous stains from teeth or 
dentures. As used herein, "oral cleaning compositions" refers to dentifrices 
toothpastes, toothgels, toothpowders, mouthwashes, mouth sprays mouth gels' 
chewing gums, lozenges, sachets, tablets, biogels, prophylaxis pastes dental 
treatment solutions, and the like. Preferably, the oral cleaning compositions 
comprise from about 0.0001% to about 20% of one or more enzyme variants of 
the present invention, more preferably from about 0.001% to about 10% more 
preferably still from about 0.01% to about 5%, by weight of the composition and 
a pharmaceutically-acceptable carrier. As used herein, "pharmaceutically- 
acceptable" means that drugs, medicaments or inert ingredients which the term 
describes are suitable for use in contact with the tissues of humans and lower 
an.mals without undue toxicity, incompatibility, instability, irritation, allergic 
response, and the like, commensurate with a reasonable benefit/risk ratio 

Typically, the pharmaceutically-acceptable oral cleaning carrier 
components of the oral cleaning components of the oral cleaning compositions 
w.ll generally comprise from about 50% to about 99.99%, preferably from about 
65% to about 99.99%, more preferably from about 65% to about 99% by weight 
of the composition. ' 

The pharmaceutically-acceptable carrier components and optional 
components which may be included in the oral cleaning compositions of the 
present invention are well known to those skilled in the art. A wide variety of 
compos.t.on types, carrier components and optional components useful in the 
oral cleaning compositions are disclosed in U.S. Patent 5,096 700 Seibel 
.ssued March 17, 1992; U.S. Patent 5,028,414, Sampathkumar, issued July 2 
1991; and U.S. Patent 5,028,415, Benedict, Bush and Sunberg, issued July 2 
1 991 ; all of which are incorporated herein by reference. 

The oral cleaning composition embodiment of the present invention is 
illustrated by the following examples. 
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Examples 71-74 
Dentifrice Composition 



Example No. 

Component 71 72 73 74 

G,n fli?n^ l la98 , G,U *SJ. y102Asp 2000 35 0° 1-500 2.000 



+Ser105Glu + Leu109Thr 

Sorbitol (70% aqueous solution) 35.000 35.000 35.000 35.000 

PEG " € * 1 000 1.000 1.000 1 000 

Silica dental abrasive- 20 . 0 00 20.000 20.000 20 000 

Sodium fluoride 0 .243 0.243 0.243 0 243 

Titanium dioxide 0 .500 0.500 0.500 0 500 



0.286 0.286 0.286 



Sodium saccharin n ? RR 

Sod,umalkyl sulfate (27.9% 4 .000 4.000 4.000 4 000 
aqueous solution) 

RaVOr 1 040 1.040 1.040 1 040 

Carboxyvinyl Polymer- 0 .300 0.300 0.300 0 300 
Carrageenan* 1 " 
Water 



0.800 0.800 0.800 0.800 
balance to 100% 



•PEG-6 = Polyethylene glycol having a molecular weight of 600. 
"Precipitated silica identified as Zeodent 119 offered by J.M Huber 
***Carbopol offered by B.F. Goodrich Chemical Company, 
lota Carrageenan offered by Hercules Chemical Company 

In Examples 71-74 the BPN' variants recited in Tables 2-25 among 
others, are substituted for Gln59As P + Ala98Glu + Gly102Asp + SerlOSGIu + 
Leu209Thr, with substantially similar results. 
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Examples 75-78 



Component 

Leu96Thr + Gly128Asp + Ala133Glu 
+ Asn155Glu + Lys213Asp 
+ Ala216Asp 

SDA40 Alcohol 

Flavor 

Emulsifier 

Sodium Fluoride 

Glycerin 

Sweetener 

Benzoic acid 

Sodium hydroxide 

Dye 

Water 





Example No. 


75 


76 


77 


78 


3.00 


7.50 


1.00 


5.00 


8.00 


8.00 


8.00 


8.00 


0.08 


0.08 


0.08 


0.08 


0.08 


0.08 


0.08 


0.08 


0.05 


0.05 


0.05 


0.05 


10.00 


10.00 


10.00 


10.00 


0.02 


0.02 


0.02 


0.02 


0.05 


0.05 


0.05 


0.05 


0.20 


0.20 


0.20 


0.20 


0.04 


0.04 


0.04 


0.04 




balance to 1 


00% 



others are substituted for Leu96Thr + Gly128Asp + Ala133Glu + Asn155Glu I 
Lys213Asp+ Ala216Asp, with substantially similar results. 

Examples 79-82 

. . Lozenge Composition 



Component 



79 



Example No. 
80 81 



Ser132Asp + Tyr217Leu 

Sorbitol 

Mannitol 

Starch 

Sweetener 

Flavor 

Color 

Corn Syrup 



0.01 
17.50 
17.50 
13.60 

1.20 
11.70 

0.10 



0.03 
17.50 
17.50 
13.60 

1.20 
11.70 

0.10 



0.10 
17.50 
17.50 
13.60 

1.20 
11.70 

0.10 



0.02 
17.50 
17.50 
13.60 

1.20 
11.70 

0.10 



balance to 100% 



In Examples 79-82,' the BPN' variants recited in Tables 2-25 amona 
others, are substituted for Ser132Asp + Tyr217Leu, with substantially similar 
results. 
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Examples 83-86 
Chewing Gum Composition 



Example No. 

C ° mPOnenl . 83 84 85 Sfi 

Thr66Pro + Gln103Asn + Lys213Asp O03 O02 010 0 05 

Sorbitoloystals 3844 3S40 ^ ^ 

Palo,a-T gum base- 2Q00 20 0Q XM 2Q Q0 

Sorbitol (70% aqueous solution) 22.00 22 00 22 00 22 00 

" amitol 1°.00 10.00 10.00 10.00 

° b ' Cenne 7.56 7.56 7.56 7.56 

3=£ 1.00 1.00 inn inn 

•Supplied by L.A. Dreyfus Company! ' " 

In Examples 83-86, the BPN' variants recited in Tables 2-25 among 
others, are substituted for ThrSSPro + Gln103Asn + Lys213Asp J£ 
substantially similar results. y wp ! wrth 

2 Denture cl eaning compositions 

com nJ n ( an ? er , emb0dimen ' ,he PreSent imen,ion ' denture craning 
com P os,t,ons for cleaning dentures outside of the oral cavity comprise one or 
more enzyme variants of me present invention. Such denture cleaning 
composes comprise an effective amount of one or more of the enzyme 
vanants, preferably from about 0.0001% to about 50% of one or more of the 
enzyme variants, more preferably from about 0.001% to about 35% more 
preferably s,i„ from about 0.01% to about 20%, by weigh, of me composition 
and a denture cleansing carrier. Various denture cleansing composition formats 
such as effervescent tab.ets and the like are well known in the art (see for 
example U S. Patent 5,055,305, Young, incorporated herein by reference) and 
are generally appropriate for incorporation of one or more of the enzyme variants 
for removing proteinaceous stains from dentures. 



The denture cleaning composition embodiment of the present invention is 
illustrated by the following examples. 
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Examples 87-90 
Two-layer Effervescent Denture Cleansing Tablet 



Component 



87 



Example No. 
88 89 



Acidic Laver 
Gln59Glu + Ser63Glu + Val95Met 

+ Gly97Pro + Tyr217Ala 
Tartaric acid 
Sodium carbonate 
Sulphamic acid 
PEG 20,000 
Sodium bicarbonate 
Potassium persulfate 
Sodium acid pyrophosphate 
Pyrogenic silica 
TAED* 

Ricinoleylsulfosuccinate 
Flavor 
Alkaline Layor 
Sodium perborate monohydrate 
Sodium bicarbonate 
EDTA 

Sodium tripoiyphosphate 
PEG 20,000 
Potassium persulfate 
Sodium carbonate 
Pyrogenic silica 
Dye/flavor 



1.0 


1.5 


0.01 


0 05 


24.0 


24.0 


24.00 


24.00 


4.0 


4.0 


4.00 


4.00 


10.0 


10.0 


10.00 


10.00 


4.0 


4.0 


4.00 


4.00 


24.5 


24.5 


24.50 


24.50 


15.0 


15.0 


15.00 


15.00 


7.0 


7.0 


7.00 


7.00 


2.0 


2.0 


2.00 


2.00 


7.0 


7.0 


7.00 


7.00 


0.5 


0.5 


0.50 


0.50 


1.0 


1.0 


1.00 


1.00 


32.0 


32.0 


32.00 


32.00 


19.0 


19.0 


19.00 


19.00 


3.0 


3.0 


3.00 


3.00 


12.0 


12.0 


12.00 


12.00 


2.0 


2.0 


2.00 


2.00 


26.0 


26.0 


26.00 


26.00 


2.0 


2.0 


2.00 


2.00 


2.0 


2.0 


2.00 


2.00 


2.0 


2.0 


2.00 


2.00 



Tetraacetylethylene diamine 

In Examples 87-90, the BPN' variants recited in Tables 2-25 among 
others are substituted for Gln59Glu + Ser63Glu + Val95Met + Gly97Pro ! 
Tyr21 7Ala, with substantially similar results. 
3 - Contact Lens Cleaning Compositions 

In another embodiment of the present invention, contact lens cleaning 
compos,t.ons comprise one or more enzyme variants of the present invention 
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Such contact lens cleaning compositions comprise an effective amount of one or 
more of the enzyme variants, preferably from about 0.01% to about 50% of one 
or more of the enzyme variants, more preferably from about 0.01% to about 
SO A. more preferably still from about 1% to about 5%. by weight of the 
compos-tion and a contact lens cleaning carrier. Various contact lens dean ng 
compo S ,„on formats such as tablets, liquids and the like are well known in the art 
(see for example U.S. Patent 4,863,627. Davies. Meaken and ReTs ssued 

P , f f cn 4 ' 6 ° 9 ' 493 ' Scha,er ' issued September 2, 1986- US 

4 R iT^ 1' ' Smi ' h ' iSSUSd Sep,ember 19 "; U.S. Paten, 

4.614 549. Ogunbiyi, Riedhammer and Smith, Issued September 30 1986' and 
U.S. Patent 4,285.738. Ogata, issued August 25. 1981; each of Teh are 
-corporate* herein by reference,, and are generally appropria e Z 

TeZ:: n ,° f " Varian ' S «* <"* P--, P inventn Z 

removing proteinaceous stains from contact lens. 

The contact lens cleaning composition embodiment of the present 
mvent.on .s illustrated by the following examples. 

Examples 91-94 
— Enzymatic Contact Lens Cleaning Solution 



Component 

Ser19lGlu + Gly219Ser 



Example No. 



91 


92 


93 


94 


0.01 


0.5 


0.1 


2.0 


50.00 


50.0 


50.0 


50.0 


2.00 


2.0 


2.0 


2.0 


1.00 


1.0 


1.0 


1.0 


1.00 


1.0 


1.0 


1.0 


0.30 


0.3 


0.3 


0.3 




balance 


to 100% 





Glucose 

Nonionic surfactant (polyoxyethlene- 

polyoxypropylene copolymer) 
Anionic surfactant (polyoxyethylene- 

alkylphenylether sodium sulfricester) 
Sodium chloride 
Borax 
Water 



In Examples 91-94, the BPN' variants recited in Tables 2-25 among 
results. " " Ser191G ' U + G ' y219Ser ' WHh SUb ™* 

While particular embodiments of the subject invention have been 
desenbed, ,. will be obvious to those skiHed in the art that various changes ahd 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION : 

<i) APPLICANT: BRODE , PHILIP F. et al. 

(ii> TITLE OF INVENTION: BPN * VARIANTS HAVING DECREASED 
ADSORPTION AND INCREASED HYDROLYSIS WHEREIN ONE 
OR MORE LOOP REGIONS ARE SUBSTITUTED 

(iii) NUMBER OF SEQUENCES: 1 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: THE PROCTER & GAMBLE COMPANY 

(B) STREET: 11810 EAST MIAMI RIVER ROAD 

(C) CITY: ROSS 

(D) STATE: OH 

(E) COUNTRY: USA 

(F) ZIP: 45061 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE : Patentln Release #1.0, Version #1.25 

<vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(Viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: CORSTANJE, BRAHM J. 

(B) REGISTRATION NUMBER: 34,804 
(C) ATTORNEY DOCKET NO. 5597 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 513-627-2858 

(B) TELEFAX: 513-627-0260 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 275 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



Ala Gin ser Val Pro Tyr Gly Val Ser Gin He Lys Ala Pro Ala Leu 
5 10 15 



Hie ser Gin Gly Tyr Thr Gly ser Asn Val Lys Val Ala Val He Asp 
20 25 



Ser Gly lie Asp Ser Ser His Pro Asp Leu Lys Val Ala Gly Gly Ala 
J5 40 45 ~- 
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Ser Met Val Pro Ser Glu Thr Asn Pro Phe Gin Asp Asn Asn Ser His 

50 55 60 

Gly Thr Hie Val Ala Gly Thr Val Ala Ala Leu Asn Asn Ser He Gly 

75 80 
Val Leu Gly Val Ala Pro Ser Ala Ser Leu Tyr Ala Val Lys Val Leu 

85 90 95 

Gly Ala Aep Gly Ser Gly Gin Tyr Ser Trp lie He Asn Gly He Glu 

105 110 
Trp Ala lie Ala Asn Asn Met Asp Val He Asn Met Ser Leu Glv Glv 
115 120 225 

Pro ser Gly Ser Ala Ala Leu Lys Ala Ala Val Asp Lys Ala Val Ala 
1JO 135 140 

Ser Gly Val Val Val Val Ala Ala Ala Gly Asn Glu Gly Thr Ser Gly 

150 155 160 

Ser ser ser Thr Val Gly Tyr Pro Gly Lys Tyr Pro Ser Val He Ala 
165 170 175 

Val Gly Ala Val Asp Ser Ser Asn Gin Arg Ala Ser Phe Ser Ser Val 
180 185 190 

Gly Pro Glu Leu Asp Val Met Ala Pro Gly Val Ser lie Gin Ser Thr 
200 205 

Leu Pro Gly Asn Lys Tyr Gly Ala Tyr Asn Gly Thr Ser Met Ala Ser 

215 220 
Pro His Val Ala Gly Ala Ala Ala Leu He Leu Ser Lys His Pro Asn 

235 240 
Trp Thr Asn Thr Gin Val Arg Ser Ser Leu Glu Asn Thr Thr Thr Lys 

250 255 

Leu Gly Asp Ser Phe Tyr Tyr Gly Lys Gly Leu He Asn Val Gin Ala 
260 265 270 

Ala Ala Gin 
275 
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What is claimed is: 

1. A BPN- variant having a modified amino acid sequence of wild-type 
am.no ac,d sequence, the wild-type amino acid sequence comprising a first 
loop reo,on. a second loop region, a third loop region, a fourth .oop region and 
a fifth loop reg,on; characterized in that the modified amino acid sequence 
compnses a substitution a. one or more positions in one or more of the loop 
regions; wherein H 

A. when a substitution occurs in the first loop region the 

substitution occurs at one or more of positions 59, 60 61 62 63 
65 or 66; wherein ' ' ' 

a. when a substitution occurs at position 59, the substituting 
amino acid is Asn, Asp, Glu or Ser; 

b. when a substitution occurs at position 60, the substituting 
amino acid is Glu; 

c when a substitution occurs at position 61 , the substituting 
amino acid is Asp, Gin, Glu or Sen 

d. when a substitution occurs at position 62, the substituting 
ammo acid is Asp, Gin, Glu or Ser; 

e. when a substitution occurs at position 63, the substituting 
amino acid is Asp or Glu; 

f. when a substitution occurs at position 65, the substituting 
amino acid is Asn, Asp, Gin, Glu, Pro or Ser; and 

g. when a substitution occurs at position 66, the substituting 
amino acid is Asn, Asp, Gin, Glu, Gly, Pro or Ser 

B. when a substitution occurs in the second loop region the 
substitution occurs at one or more of positions 95 96 97 98 99 
100, 101, 102, 103, 104, 105, 106 or 107; wherein ' ' ' 

a. when a substitution occurs at position 95, the substituting 
amino acid is Ala, Asn, Asp, Cys, Gin, Glu, Gly, His Met 
Pro, Ser or Thr; ' ' 

b. when a substitution occurs at position 96, the substituting 
amino acid is Ala, Asn, Asp, Cys, Gin, Glu, Gly, His, lie 
Met, Pro, Ser, Thr or Val; 

c when a substitution occurs at position 97, the substituting 
amino acid is Asn, Asp, Gin, Glu, Pro or Ser; 
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d. when a substitution occurs at position 98, the substituting 
amino acid is Asn, Asp, Gin, Glu, Gly, His, Pro, Ser or Thr 

e. when a substitution occurs at position 99, the substituting 
amino acid is Glu; 

f. when a substitution occurs at position 1 00, the substituting 
amino acid is Asn, Asp, Gin, Glu, Pro or Ser; 

g. when a substitution occurs at position 1 01 , the substituting 
amino acid is Asp or Glu; 

h. when a substitution occurs at position 1 02, the substituting 
amino acid is Asn, Asp, Gin, Glu, Pro or Ser; 

i. when a substitution occurs at position 1 03, the substituting 
amino acid is Asn, Asp, Glu or Ser; 

j. when a substitution occurs at position 1 04, the substituting 
amino acid is Ala, Asn, Asp, Cys, Gin, Glu, Gly, His, He, 
Leu, Met, Pro, Ser, Thr or Vat; 
k. when a substitution occurs at position 1 05, the substituting 

amino acid is Asp or Glu; 
I. when a substitution occurs at position 1 06, the substituting 
amino acid is Ala, Asn, Asp, Cys, Gin, Glu, Gly, His, lie, 
Leu, Met, Phe, Pro, Ser, Thr, Tyr or Val; and 
m. when a substitution occurs at position 1 07, the substituting 
amino acid is Ala, Asn, Asp, Cys, Gin, Glu, Gly, His, Leu, 
Met, Pro, Ser, Thr or Val; 
when a substitution occurs in the third loop region, the 
substitution occurs at one or more of positions 126 127 128 
129, 130, 131, 132 or 133; wherein 

a. when a substitution occurs at position 1 26, the substituting 
amino acid is Ala, Asn, Asp, Cys, Gin, Glu, Gly, His, lie, 
Met, Pro, Ser, Thr or Val; 

b. when a substitution occurs at position 127, the substituting 
amino acid is Asn, Asp, Gin, Glu, Pro or Ser; 

c when a substitution occurs at position 128, the substituting 
amino acid is Asn, Asp, Gin, Glu, Gly or Ser; 

d. when a substitution occurs at position 129, the substituting 
amino acid is Asn, Asp, Gin, Glu, Gly or Ser; 

e. when a substitution occurs at position 1 30, the substituting 
amino acid is Asp or Glu; 
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f. when a substitution occurs at position 131. the substituting 
amino acid is Asn, Asp, Gin, Glu, Giy or Ser 

g. when a substitution occurs at position 132, the substituting 
amino acid is Asp or Glu; and 

h. when a substitution occurs a. position 133, the substituting 
ammo acid is Asn. Asp, Gln , Giu, Gly. His, Pro. Ser or Thr 

when a substitution occurs in the fourth loop region the 
u s tulio n occurs a, one or more of positions 154. 155 1 6 
157. 158^ 159, ,60. 161, 162, 163, 164, 165, 166 or 167, wherein 
a- when a substitution occurs at position 154, the substituTg 

am.no acid is Asn, Asp, Gin, Glu, Pro or Ser 
b. when a substitution occurs at position 155. me substituting 

ammo acid is Asp, Gin, Glu or Ser; 
c when a substitution occurs at posiUon 156. the substituting 
ammo acid is Asp; "=>">uung 

d- when a substitution occurs at position 157, me substituting 
amino acid is Asn, Asp, Gin, Glu. Pro or Ser 

e. when a substitution occurs at position 158, the substituting 
ammo acid is Asn, Asp, Gin, Glu, Gly, Pro or Ser 

T" ' S " bS ' i,U,i0n 0Ccurs a < P-*°n 1S9, the substituting 
ammo acid is Asp or Glu; 

when a substitution occurs at position 160. the substituting 
ammo acid is Asn, Asp, Gin, Glu, Pro or Ser; 
when a substitution occurs at position 161, the substituting 
amino acid is Asp or Glu; 

when a substitution occurs at position 162, the substituting 
amino acid is Asp or Glu; 

when a substitution occurs at position 163, the substituting 
amino acid is Asp or Glu; 

when a substitution occurs at position 164, the substituting 
amino acid is Asn, Asp, Gin, Glu, Gly, Pro or Ser; 
when a substitution occurs at position 165, the substitutinc 
ammo acid is Ala, Asn, Asp, Cys, Gin, Glu, Gly, His Met 
Pro, Ser or Thr; 

when a substitution occurs at position 166, the substituting 
ammo acid is Asn, Asp, Gin, Glu, Pro or Ser; and 
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n. when a substitution occurs at position 167, the substituting 
amino acid is Ala, Asn, Asp, Cys, Gin, Glu, Gly, His, lie, 
Leu, Met, Pro, Ser, Thr or Val; and 
E. when a substitution occurs in the fifth loop region, the 

substitution occurs at one or more of positions 187, 188, 189, 

190 or 191; wherein 

a. when a substitution occurs at position 187, the substituting 
amino acid is Asn, Asp, Gin, Glu, Gly, His, Pro, Ser and 
Thr; 

b. when a substitution occurs at position 188, the substituting 
amino acid is Asp or Glu; 

c. when a substitution occurs at position 189, the substituting 
amino acid is Ala, Asn, Asp, Cys, Gin, Glu, Gly, His,. He, 
Leu, Met, Pro, Ser, Thr, Tyr or Val; 

d. when a substitution occurs at position 1 90, the substituting 
amino acid is Asp or Glu; and 

e. when a substitution occurs at position 1 91 , the substituting 
amino acid is Asp or Glu; 

whereby the BPN' variant has decreased adsorption to, and increased 
hydrolysis of, an insoluble substrate as compared to wild-type subtilisin BPN'. 

2. The BPN' variant of Claim 1, wherein one or more substitutions occur in 
the first loop region. 

3. The BPN* variant of Claim 1 , wherein one or more substitutions occur in 
the second loop region. 

4. The BPN' variant of Claim 1 , wherein one or more substitutions occur in 
the third loop region. 

5. The BPN' variant of Claim 1 , wherein one or more substitutions occur in 
the fourth loop region. 

6. The BPN' variant of Claim 1 , wherein one or more substitutions occur in 
the fifth loop region. 



7. The BPN' variant of any of Claims 1-6, wherein the wild-type amino acid 
sequence further comprises a sixth loop region, characterized in that the 
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modified amino acid sequence further comprises one or more substitutions in 
the sixth loop region; wherein the substitution(s) in the sixth loop region occurs 
at one or more of positions 199, 200, 201, 202, 203, 204, 205 206 207 208 
209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219 or 220; wherein 

a. when a substitution occurs at position 199, the substituting amino 
acid for position 199 is Cys, Ala, His, Thr. Pro, Gly, Gin, Asn, 
Ser, Asp or Glu; 

b. when a substitution occurs at position 200, the substituting amino 
acid for position 200 is His, Thr, Pro, Gly, Gin, Asn, Ser, Asp or 
Glu; 

c. when a substitution occurs at position 201 , the substituting amino 
acid for position 201 is Gly, Gin, Asn, Ser, Asp or Glu; 

d. when a substitution occurs at position 202, the substituting amino 
acid for position 202 is Pro, Gin, Asn, Ser, Asp or Glu; 

e. when a substitution occurs at position 203, the substituting amino 
acid for position 203 is Met, Cys, Ala, His, Thr, Pro, Gly, Gin, 
Asn, Ser, Asp or Glu; 

f. when a substitution occurs at position 204, the substituting amino 
acid for position 204 is Asp, or Glu; 

g. when a substitution occurs at position 205, the substituting amino 
acid for position 205 is Leu, Val, Met, Cys, Ala, His, Thr, Pro, Gly, 
Gin, Asn, Ser, Asp or Glu; 

h. when a substitution occurs at position 206, the substituting amino 
acid for position 206 is Pro, Asn, Ser, Asp, or Glu; 

i. when a substitution occurs at position 207, the substituting amino 
acid for position 207 is Asp or Glu; 

j. when a substitution occurs at position 208, the substituting amino 

acid for position 208 is Pro, Gly, Gin, Asn, Ser, Asp or Glu; 
k. when a substitution occurs at position 209, the substituting amino 

acid for position 209 is lie, Val, Met, Cys, Ala, His, Thr, Pro, Gly, 

Gin, Asn, Ser, Asp or Glu; 
I. when a substitution occurs at position 21 0, the substituting amino 

acid for position 210 is Ala, Gly, Gin, Asn, Ser, Asp or Glu; 
m. when a substitution occurs at position 21 1 , the substituting amino 

acid for position 21 1 is Ala, Pro, Gin, Asn, Ser, Asp or Glu; 
n. when a substitution occurs at position 212, the substituting amino 

acid for position 212 is Gin, Ser, Asp or Glu; 
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o. whena substitution occurs at position 213, the substituting amino 

acid for position 213 is Trp, Phe, Tyr, Leu, lie, Val, Met, Cys, Ala, 

His, Thr, Pro, Gly, Gin, Asn, Ser, Asp or Glu; 
p. when a substitution occurs at position 214, the substituting amino 

acid for position 214 is Phe, Leu, lie, Val, Met, Cys, Ala, His, Thr, 

Pro, Gly, Gin, Asn, Ser, Asp or Glu; 
q. when a substitution occurs at position 21 5, the substituting amino 

acid for position 21 5 is Thr, Pro, Gin, Asn, Ser, Asp or Glu; 
r. when a substitution occurs at position 216, the substituting amino 

acid for position 216 is His, Thr, Pro, Gly, Gin, Asn, Ser, Asp or 

Glu; 

s. when a substitution occurs at position 21 7, the substituting amino 

acid for position 217 is Leu, He, Val, Met, Cys, Ala, His, Thr, Pro, 

Gly, Gin, Asn, Ser, Asp or Glu; 
t. when a substitution occurs at position 21 8, the substituting amino 

acid for position 21 8 is Gin, Ser, Asp or Glu; 
u. when a substitution occurs at position 21 9, the substituting amino 

acid for position 219 is Pro, Gin, Asn, Ser. Asp or Glu; and 
v. when a substitution occurs at position 220, the substituting amino 

acid for position 220 is Pro, Gly, Gin, Asn, Ser Asp or Glu. 

A cleaning composition selected from the group consisting of a hard 
surface cleaning composition, a dishwashing composition, an oral 
cleaning composition, a denture cleansing composition, a contact lens 
cleaning composition and a fabric cleaning composition, characterized 
in that the cleaning composition comprises the BPN' variant of any of 
Claims 1-7 and a cleaning composition carrier. 

The cleaning composition of Claim 8, wherein the cleaning composition 
is a hard surface cleaning composition. 

The cleaning composition of Claim 8, wherein the cleaning composition 
is a fabric cleaning composition. 

A mutant BPN' gene encoding the BPN" variant of any of Claims 1-7. 
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